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The B.T.L. Zone Melting Apparatus, Semi-Micro Model 
from the original N.C.1 nd I juantit fron 


g. It can t 
of accuracy, or for concentratung im] 
interchangeable metal 
accommodate glass tubs 
temperatures of 


compact and easily tran rtal overall size 9 x9 


Cat. No. C14 §10 


A Macr 


complete 
laboratory 


service 


HADWELL HEATH ESSEX ENGLAND 
4 , 





E VE N I in Laboratory Chemicals 


Your new H & W Catalogue 


COMPREHENSIVE: 
The SOOO listed items cover rare requirements 
as well as chemicals in everyday demand 
CONVENIENT: 

3 appendices prepared by the li & W 
Technica Service Department — facilitate 


selection of items 


NEW FEATURES — 


G,.P.R. specifications 


for general purpose reagents 


SPECTROSOL SOLVENTS 


for ULV. absorption spectroscopy 
P.V.S. REAGENTS (Puritied fer 
Volumetric Standardisation) 
METAL INDICATORS 

for EDTA titrations 


of this Cataloguc Ss 
m our Technical Publications 
rugl iny of our accredited 


tives 


FINE CHEMICALS 


for research, analysis and industry 


' tk rid 


HOPKIN & WILLIAMS LTD., CHADWELL HEATH, ESSEX, ENGLAND 


TAS. HW 








LABORATORY 
GLASSWARE 


FOR 


THERMAL &. 


MECHANICAL 
CHEMICAL 


STRENGTH 


Prove it by testing it 


Deliveries are prompt—prices 
very competitive—Save time 











and money— 


BUY MONAX NOW! 


JOHN MONCRIEFF LTD., PERTH, SCOTLAND 
London Office: 30 CURZON STREET, W.1 
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Outstanding 
Developments 


in Laboratory 
Incubation... 


The LEEC ‘Precision’ Incubator makes News 
in laboratory equipment. Here it is, immac- 
ulately designed throughout. Undoubtedly, 
the Incubator of choice. 


@ Temperature variation less than 0-5 C 
throughout the entire chamber at 37°C. A 
sensational development in_ incubation 
anywhere! 


@ Automatic interior lighting—inner plate 
glass inspection door, finger light in action. 
Chrome pull-out handle that can be locked 
Simple and easy access to indicator bulbs 
and mains voltage setting. 

Four shelves—two ‘perforated’, two ‘mesh’ 
supplied with each incubator. Lightweight 
(only 200 Ib.)—low running cost 


Prices: £85 10s. Od. with dial thermometer: 
£81 Os. Od. without. Carriage and packing 
free. Delivery four weeks 


— : | 
LEEC / PRECISION 


are also makers of LABORATORY INCGUBATOR 


BRUSHING Machines MK Write for detailed brochure from the Makers- 
a LABORATORY: ELECTRICAL 


NEEDLE Sharpening Machines ENGINEERING CO. 
U.V. LAMPS 71-73 Goldsmith Street, Nottingham, England 


for Fluorescence Microscopy Telephone: Nottingham 48331 
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~ Success 
Story 


Main distribut 
& Quartz, E-Mil 


and installations 


nts for metallurgical 


electronic equipment 


SCIENTIFIC FURNISHINGS LTO 

POYNTON CHESHIRE 
Telephone: POYnton 2815 & 2776 
Southern Brar n 


West Harn 
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Instruments for Spectralanalysis 


Material Testing Spectroscope — “= 
Type TB-3 . 


Apparatus for Spectroanalytical 
Assessment for Quantitative 
Evaluation of Emission Spectrograms 


Electronically Controlled High 
Precision Spectroscopic a.c. 
Interrupted Arc Source 

Type BIG-100 


Electronically Controlled High 
Precision Spectroscopic Arc Source 
Type BIG-300 











BUDAPEST 


Exporter: 


METRIMPEX 


Hungarian Trading Company for Instruments 


Letters: Budapest 62, POB 202, Hungary 
Telegrams: INSTRUMENT BUDAPEST 
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ACCURATE, QUICK-READING MICRO BALANCES 


Made from transparent fused quartz, 
these Vitreosil Springs are perfectly cir- 
cular and the fibre is of even diameter 
throughout. They do not suffer from 
corrosion, fatigue or permanent elonga- 
tion under excessive loading. They are 
truly elastic, returning to the same 
original state after release of the load 
Vitreosil springs are admirable for use 
as micro balances for weighing small 
amounts of precipitates and other 
materials. In addition, they are very 
useful for weighing fine fibres, for con- 
ducting absorption experiments and for 
other work where a closed system 1s 
necessary. Fused quartz springs may be 
used in vacuum, gases, and liquids 








4 leaflet is available giving full information 


A BRITISH PRODUCT 


THE THERMAL SYNDICATE LTD. 


P.O. Box No, 6 WALLSEND NORTHUMBERLAND 
LONDON: 9, BERKELEY STREET, W 
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oct ‘M’ tree 


METERING PUMPS 


DELIVERY VOLUME % OF MAXIMUM 


= 
TYPICAL TEST 
CALIBRATION CHART 
For ‘M4’ Tree PUMP 


; terchangeable or DCL Mete 
MICROMETER CONTROL SCALE 
. ' ; ‘ ; hu rmation availa n reque 
DIVISION GREAT BURGH 
Telephone: Burgh Heath 3470 






































for small constant flows 
OCL MICRO PUMPS c 
Adjustable by micrometer ENGINEERING 

ty ran 0-7cct DI EPSOM, SURREY 


? Capacity i 
—— 





Specify for 
DEPENDABILITY 
— 


H. J. ELLIOTT LTD 


E-MIL WORKS, TREFOREST INDUSTRIAL ESTATE, PONTYPRIDD, GLAMORGAN 
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WANTED! 


Consumer Co-operation 





Growing public awareness and official legislation is making increasing demands 
on manufacturers and suppliers as regards the quality and purity of their products 
and services. Few people except, of course, those intimately concerned, realise 
that in the end this means it 1s the Analyticai Chemist who is responsibie for ensur- 
ing standards are met and bettered. 


In fact, it is the Analytica! Chemist’s ceaseless search for improved techniques 
that makes these higher standards realistic, as no legislation or published standard 
can itself ensure purity unless an analytical method exists which is sufficiently 
sensitive and accurate on al) occasions, and tor which there is the instrument aid 
available to make it practically useful. For companies engaged in the development 
of instruments aimed at making the Analytica! Chemist’s task lighter, it 1s very 
difficult to talk to enough people in the field to find out what is nearest and dearest 
to their hearts in this respect. However, Southern Instruments Limited ot Cam- 
berley have set themselves this task and have recruited a team to tackle it. Initially 
concentrating in the electro-chemical field, this company is building up a range 
of aids which will be designed to provide the benefits of convenient operation, 
saving in time and money, and the employment of staff appropriate to the job in 
question. Their fully equipped laboratory led by J. Hetman, F.R.I.C., is constantly 
and confidentually dealing with a vast range ot Analvtical matters tor Analysts who 
feel, for example, that Polarography may have advantages to offer them. This 
enables the chemist to be fully satisfied that his requirements are met beforehand 
This service is free, and open to anyone, and whiist it 1s not claimed that Southern 
Instruments know al] the answers, they do know many of them. Future electro- 
chemical products will also be backed by an Applications Advisory Service 








t 


Conscious of the absolute necessity of instruments embodving chemist user 
requirements, Southern Instruments have appointed Mr. H. M. Davis, B.Sc 
A.R.I.C., A.Inst.P., as Chet Engineer, Analytica! Instruments Department. Well 
known for his design ot the Cathode Ray Polarograph when at the Ministry of 
Supply, Mr. Davis now ieaves the United Kingdom Atomic Energy Authority 
Research Group at Woolwich to take his unusual combination of chemistry, 
physics and electronics to Camberley. Southern Instruments want to hear from 
any Analyst who has ideas about the Service and products he requires from 
Instrument companies and who is conscious of a desire to look into alternative 
methods of analysis, routine or otherwise. 
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TAKING THE STRAIN 


OUT OF MICROSCOPY 


The ‘BINAC’ Binocular Eyepiece Attachment 
eliminates the causes of ocular fatigue 


Does not diminish resolving power or image quality. 

All prisms and lenses coated to increase light transmission. 
Independent focussing of right eyepiece. 

Enclosed, dustproof mechanism controls interocular separation. 
Magnification factor x 1.5. Corrected for 160 mm. T.L. 

The ‘BINAC’ can be fitted to any monocular microscope. 


\ NS) 


Acquiring up-to-date equipment while keeping within the limits of controlled 
annual expenditure presents many difficulties in budgeting. We are pleased to 
announce that arrangements can now be mad for the purchase of any Watson 
equipment over a period of two years 


W. WATSON & SONS LTD 
BARNET . HERTS 





BEECROFT RANGE OF 


PVC PLASTIC BUNGS 


are being used in research departments 


EVERYWHERE 


write or phone for details and samples:- 


BEECROFT & PARTNERS (METALLURGISTS) LTD. 


RETORT WORKS, SUFFOLK HOUSE, SUFFOLK ROAD, SHEFFIELD 2. 
Phone: 29686 (3 Lines). Telegrams: “RETORT’ Sheffield 2. 
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Saeed 


WITH 
THE TECHNICON 


COMPLETE | 


UTOMATIC ANALYSIS 


in CLINICAL CHEMISTRY 





A\wweJ\nalyzer 


MADE (NW BR TAIN 


Analyse up to 60 discrete samples in one hour! 
Automatically, with certain reproduceability to ~1°.. 


In hospital jaboratories ali over Great Britain clinical chemists are turning to the Technicon AutoAnalyzer 


to help them so/ve some of their most pressing problems. Problems like unreliable results, overwork 


tco /ittle money, shortage of staff. Here's how the AutoAnalyzer can help: 


SAVES WORRY You can report your results with confidence, know 
ing that all human errors have been eliminated 

SAVES STAFF One AutoAnalyzer takes on the work of up to 3 
technicians, freeing vital men for other urgent work 

SAVES TIME One AutoAnalyzer completes in hours donkey work 
which would take days by hand. Expands the laboratory's capacity 
for routine work. Never needs a lunch-break. Never wants a holiday 
SAVES MONEY One AutoAnalyzer slashes glassware and wash 
ing-up bills by hundreds of pounds every year And, incidentally, 
never asks for a rise. 

CHANGEOVER OF DETERMINATIONS—timelossonly /OM/NUTES 
This makes it well worth while to run as few as five samples for any 
of the 17 determinations now automated 

TECHNICON SERVICE—Second to Every AutoAnalyzer in 
stallation is backed by the comprehensive Technicon Service available 
24 hours a day — EVERY day! No AutoAr 


prospective user has completed a full training 


none 
ailyzer is instailed until the 
the Tech icon 


course tf 


Laboratories 


For further particulars write to 


DEPT. M1, TECHNICON 


AUGUST 


INSTRUMENTS CO. LTO., 26 WARWICK 
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The Technicon 
AutoAnalyzer handles 
a:! these 
determinations 
Alkaline Phosphatase 
Total Cholesterol 
Carbon Dioxide 
Amino Acids 
Potassium - Bilirubin 
Urea - Sodium - Glucose 
Calcium - Chloride 
Inorganic Phosphate 
Acid Phosphatase 
Total Protein - Creatinine 
Uric Acid » Albumin 


How many are your prob/em? 


> FREMANTLE 








This unique water still is in use in a number of research establish- 
ments and hospitals where water of the highest purity ts essential 


electrical equipment 
carr and 


heater and all 
£25. 10s. Od. inclusive of 
packing in U.K 


from 


complete with 


only) 


Price 


230 volt (acc ize 


able ONLY 
L. V. D. SCORAH, M.Sc. 
(Manufacturer of the ‘SCORAH’ Blowpipe) 
44, NORTHFIELD ROAD, KINGS NORTON, 
BIRMINGHAM, 30. Kings Norton 1885 


The SCORAH Automatic Electric 
all glass WATER STILL ( patented) 


Automatic. Can be left on without attention. Heater cur- 
rent cuts off if water supply is interrupted, or inadequate or 
forgotten. When receiver (5 litres capacity) is full, cur- 
rent cuts off. When distilled water is drawn from receiver, 
the still resumes operation until receiver is refilled. 


Purity. Electrostatically charged condenser droplets can 
pick up fumes, dust and air-borne organisms from the 
laboratory atmosphere. The design of the receiver vessel 
ensures absence of such contamination 


Efficiency. Heater of Scorah design and manufacture, con- 
sumption 1700 watts, output 2-4 litres per hour (the full 
theoretical yield). Cost 34d. per gallon at Id. per unit 


Safety. The heating element is out of contact with the feed 
thus eliminating danger from ‘live’ water supply) 


burn out’. 


water 


or electrolytic effects or 


Assembly. No retort stands or clamps are required. The 
24 diameter Outlet 
cap on boiler for q lick periodical drain-off of sediment 
The still may be installed on a shelf or platform about 
| ft. above bench level near a sink and enclosed in a trans- 
parent plastic cover to keep out dust. Phoenix heat- 
Interchangeable ground glass joints 


ball joint gives a strainless set-up 


resisting glass 





Introducing the QUADRATE—Combined OVEN INCUBATOR 


Hearson craftsmanship in the design and con- 
struction of temperature-controlled equipment 
is well known to discriminating users. The Quad- 
rate combined oven and incubator is the latest 
addition to our range of products and has been 
designed for use in Industrial, Medical and Edu- 





cational laboratories. Soundly constructed of 
welded, rustproofed mild steel, it has a two-heat 
switching control, which, in conjunction with a 
thermostat enables it to be used either as a bio- 
logical incubator up to 60 C. or an oven up to 
200 C., with temperature fluctuation of 0.75 ¢ 

Internal dimensions 12 12 114” high. 


Catalogue No. H2260. 


Please write for descriptive leaflet 1,Q 


Charles Hearson & Co., Ltd. 
Willow Walk, Bermondsey, London, S.E.1 
Telephone: Bermondsey 4494 
Northern Branch Office: 161 Brownlow Hill, Liverpool 3 
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Oscillographic recording 
and testing equipment 
from Siemens Ediswan 


If your work involves the study of fluctuating or intermittent phenomena, 


in industrial, physiological or physical research, you should know 
more about these instruments. The versatile High Speed Pen Recorder 
unit can be supplied singly or grouped in multiples of four up 

toa maximum of 16 channels and suitable amplifiers having a 


sensitivity of l“V mm a.c. or 1OmV mm d.c. can also be supplied 


LOW FREQUENCY OSCILLATOR TYPE R.2125 


Ihe Low Freq ney 
instrument desig 


rder 1 
recorders, a 


amplifiers 
Frequency Range 
Frequency Accuracy 
QOutpu 


PORTABLE RECORDER TYPE EPR 


rhe Siemans Ediswan pen os 


sa portable lt 
direc 

Th 

Fre 





8 CHANNEL PEN RECORDER UNIT 
Pen motors are identical to those in the 4 channel pen oscillograph 
Unit includes 8 pen motors fitted into a magnet block, two time 
larkers, ink system and paper drive. Speeds, 1-5, 3 and 6 cms sec 
Unit as shown is for incorporation into users own equipment 


16 channel version also available 
We shall be pleased to send you particulars of these products 


Associated Electrical industries Ltd 


Radio and Electronic Components Division 
PD 17. 155 Charing Cross Road, London, W.C.2 
Tei: GERrard 8660. Telegrams: Sieswan Westcent London 
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Equipment includes complete apparatus for Gas Pre- 
paration, Polythene Pneumatic Trough, Liebig Con- 
denser for Distillation, Thermometer, Graduated Flask, 
Burette and Pipette (Class B) for Titration, Combustion 
Tube and Boat, Blowpipe, Stainless Spatula, etc 

Dimensions: 21° x 15" x9 Weight 33 lb 
Sturdy construction 


In fitted, polished ply-wood case, with lock and key 





INTRODUCING THE 





AIMER 


PORTALAB 


THE PORTABLE 
CHEMICAL LABORATORY 


A complete chemical laboratory, con- 











taining ample apparatus and approx. 100 
chemicals for work covering the various 
examinations in Chemistry (Ordinary- 
leveland Advanced-level G.C.E., Nation- 


al Certificate, etc.) 


Further particulars and price onapplication 


AIMER PRODUCTS LTD 
Laboratory Furnishers and Chromatography 
Specialists 
56-58 ROCHESTER PLACE 
CAMDEN ROAD,LONDON,N.W.1 
TELEPHONE: GULLIVER 3618 and 6466 








LABORATORY CHEMICALS CATALOGUE 


this new edition... 


M.A.I 


PABOR ATOR) 
CmEMiC ats 


Catatogtr 


1960 


PROFESSIONAL USERS and established laboratories not already on our 
mailing list may obtain a copy of the B.D.H. Laboratory Chemicals Catalogue 


on request. 


THE BRITISH DRUG HOUSES LTD 





B.D.H. Laboratory Chemicals Division POOLE, DORSET 
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FIRST IN THE FIELD! ! 


THE VACUUM OVEN 
with the 
FIBREGLASS BODY 


EFFICIENCY, WITH HIGH PERFORMANCE AND 
LONG TERM RELIABILITY. 


A new design to meet all modern requirements in 
providing accurate temperature control, with simple 
operation. 


(Please write for details) 


Model No.1 12° diameter 12” long 
with twoshelves providing 
working area of 250 sq. ins 


Model No.2 142" diameter 20° long 
with two shelves providing 
working area of 520 sq. ins. 


SUBMERSIBLE 
PUMPS 


(All submersible parts in stainless steel). 











MIXING THREE MODELS 
PUMPING AVAILABLE 


CIRCULATING 
EMPTYING (Please write for details). 








WE WELCOME YOUR ENQUIRIES 
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rotary 
cascade 
sample 
dividers 


THE PASCALL ENGINEERING CO LTD 


GATWICK ROAD - 


Write or telephone Crawley 25166 for List SO2508 





peeseseseeehrr st 


$ Best 


po ees 





Phone TERminus 5804 0359 0350 
for by RETURN OF POST deliveries 


ALL QUICKFIT & QUARTZ APPARATUS 


A. D. WOOD 


4-5 SKINNER STREET, LONDON, E.C.1 


OF 


OR 
WRITE 





— —— 








Pascall make a range of sample dividers for 
dealing with large and small samples from a 
few ounces to several pounds. There are two 
types available, the cascade type for dealing 
with fine, free-flowing powders, and the 
centrifugal type for the division of seeds and 
other granular materials. The divider illus- 
trated is a new unit for the division of bulk 
samples of various materials. The hopper 
capacity is 2 3rds. cu. ft., and, for example, 
this model will handle a 28 |b. bulk sample of 
3/16” crushed dry coal for the collection of 
various fractions, e.g. 1 2, 14, 16, 1,8, 112 
or 1 24. The bulk sample divider is of robust 
construction and consists of a base housing a 
geared motor driving a turntable carrying the 
sample receivers and a hopper centrally situated 
over the receivers. The bulk sample is held in the 
hopper by a distributor cone projecting into 
the hopper throat and released when the cone 
lowers on depressing the foot pedal in the base 


CRAWLEY - SUSSEX 


Careful budgetting when purchasing Biology 
materials should be tempered with the necessity 
for securing good quality supplies which will 


serve you well. Gerrard's understand this need 
for harmony of cost and quality. 

For advice on expenditure problems write to 
T. Gerrard Ltd. at 46-48 


Pentonville Road, London, N.1 or telephone 
Quotations gladly supplied. 


and Company, 


Terminus 8006, 7 
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STANTON 


SINGLE PAN BALANCE 


AUGUST 


1960 


LABORATORY 


STANTON 


now introduce 


CONSTANT 
LOAD 


into the design of their UNIMATIC single pan balance 
After exhaustive experiments and tests they are now 
able to offer the balance based upon the principle of 
weighing by substitution as an alternative to the already 
well established equal arm ‘Ultramatic’ balance. The 
new Model avoids errors due to inequality of lever 
arms and slight variations in sensitivity due to major 
changes in load 

Ihe Stanton synthetic sapphire knives and planes give 
longer life and the grouped controls at bench level 
simplify operation 


THE BEAM < is pressure die-cast of a special alloy in 
H-section and it is buoyancy corrected and stress 
relieved 

THE ARRESTMENT is jewelled, and based on cone, 
vee and plane principle and operated by a large diameter 
cam which results in safe beam release without the 
addition of further mechanical devices or safeguards 
WEIGHT LOADING is to 200 g. and incorporates 
a taring device to 100 g. with a net range of 100 g. after 
taring 

CONTROLS are grouped conveniently at bench level 


allowing even unskilled persons to acquire speed of 


weighing easily and quickly 
© STURDY 


© FAST 
© SAFE © SIMPLE 


7+ 
mm? Sii'o 
fae) = / Send for this informative leaflet 


119 OXFORD STREET, LONDON, W.1 


rel.: GERrard 7533 


PRACTICE 





A new and improved 


GRIFFIN FLASK SHAKER 


with eight ‘hands’ 


Shakes up to & 
e EIGHT FLASKS NEW clean lines 


ey © 4-FLASK model also 
& SILENT in operation Easily available 


@ INTERCHANGEABLE 
e RESILIENT feet arms for 4 or 8 flasks 


$36-680 4-Flask model £32.10.0 
S36-682 8-Flask model £36.0.0 


GRIFFIN & GEORGE 


The Laboratory Furnishers 


riffi 
Griffin & George (Sales) Limited, Ealing Road, Alperton, Wembley, Middlesex PER 3344 G ie 


A member of the Griffin & George group of companies 





LONDON + BIRMINGHAM + MANCHESTER + NEWCASTLE-ON-TYNE » SCOTLAND 
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RESEARCH 


Vol. 9 


Scientific Advisory Committee 
Professor Sir Charles Dodds, M.V.O., D.Sc... M.D 
Professor George |. Finch, M.B.E., OD. Tech.Chem 
Edward Hindle, M.A., Sc.D., Ph.D 
Professor H. D. Kay, C.B.E., 0.Sc., Ph.D 
Professor A. A. Miles, C.B.E..M.A.,M.D., F.R.C.P 
Sir Robert Robinson, O.M.,M.A., D.Sc., Se.D., LL.D., F.RAC 
Professor S. Tolansky, D.Sc., Ph.D.. DLC., F.R.S 
J. G. Davis, D.Sc., Ph.D, FRAC 


F.RS 
FRS 


CONTENTS 


EDITORIAL 


EXHIBITION LECTURES: 

THE APPLICATION OF THE CATHODE RAY 
POLAROGRAPH IN FOOD ANALYSIS, by j. S 
Hetman 

INDICATORS, by R. Belcher 

ION EXCHANGE TECHNIQUES, by Jj. E. Salmon 

GLASS IN THE LABORATORY, by R. W. Douglas 


ARTICLES: 
COMPLEXOMETRIC ANALYSIS, Part Il, by | 
Genge 


APPARATUS AND DEVICES: 

A MODIFIED TANK FOR PAPER ELECTROPHORESIS 
by D. A. Osborn 

PLASTIC FILMS AND MOULD GROWTH, by L. D 
Galloway 

A NEW pH METER CELL ASSEMBLY, by P. Bamford 

A SIMPLE TEST FOR EFFICIENCY OF PACKS FOR 
FOODSTUFFS, by W. G. Wearmouth 


EXHIBITION PICTORIAL SUPPLEMENT 

BOOK REVIEWS 599 
LABORATORY NOTE-BOOK 602 
LABORATORY EQUIPMENT AND APPLIANCES 603 
NEWS 606 
CATALOGUES, BROCHURES AND LEAFLETS 608 


Annual Subscription £2 Ss. Od., postage free (U.K. only), 
$7 (U.S. and Canada), £2 10s. Od. (other countries) 
Single copies 4 shillings 
UNITED TRADE PRESS, LTD. 
9, Gough Square, Fleet Street, London, E.C.4. 
3172 Markeba, London 


Telephone: Fleet Street Telegrams 
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No. 8 
EDITORIAL 
years avo the 


Pictures from OMI 
an Exhibition poser Moussorgsky 


hibition and afterwards wrot 


Russi i! 


. ted 
VIStteG 


; 


torte suite to convey his impressions of ten 


the architect Hartman As 


exhibition ol apparatus ind mater 


record OUF Impressions of this first et 


by discussions with other visit 


« 


The feature which seen 


most strongly was the ve 


atmosphere about the whole 


able to use it rather like th 


to meet their friends 


concern, to go somewhere 


which had an intellectual 


spend their time usefully anc 
Coupled with this aspect was 


that it supplied a long-felt want 


but one nevertheless which could be 


There have been well-organized exhibit 


interests, and small scale exhibition 


individual firms, but never before ha 


exhibition on such general lines \\ 


wander round at leisure and see virtual 
scientific apparatus 

The tirms displaying their equipment had the good 
knowledgeable staf! 


sense to see that only technically 


were on the stands (actually many were qualified 


scientists) and this was a facet much appreciated by the 
visitors 


an exhibition and find that the 


There is nothing more annoying than to go to 


immaculately attired 


young man or excessively “got up young woman 1s 


quite unable to answer a straight-forward question 


about the goods being exhibited. In modern business 
it iS not enough to be willing; one must be properly 
equipped. The exhibiting firms in turn also seemed to 
be abundantly satisfied, and presumably their opinion 
is based on tangible experimental results beyond the 
criticism of the most fastidious statistician 

While on this question of salesmanship may we 
comment on the growing pernicious system of adver 
tising scientific equipment by circulars and in the 
journals without mentioning price? We ourselves are a 
scientific societies, and we 


member of a number of 
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receive replicate circulars from one firm making the 
most enthusiastic claims for their goods but giving no 
These circulars go straight into the 


mention of price 
please 


waste box, so makers of scientific equipment 
note! The scientist who ts thinking of buying apparatus 
asks two questions—Will it do what 


How much does it cost? 


I want it to do? 


Nothing is ever complete or perfect in this world and 
it would be surprising if absolutely no criticism could 


be made of this exhibition. However, the only valid one 


seems to be that a few firms, and consequently a few 
specialized types of equipment, were absent. There is a 
very simple explanation for this. Most firms plan their 
exhibition commitments a long time in advance. This 
exhibition was organized at relatively short notice, and 
unfortunately a few firms were unable to include this 
exhibition in their programme. There is little doubt that 
this difficulty will not occur again 


The special lectures were a novel and warmly 


Register of Accredited Breeders 


GUINEA PIGS 
Buckinghamshire; Caudery, A. G., The Gables, Terrick, 
Aylesbury. (Tel: Stoke Mandeville 2328) 
Harradine, D., Whittlesey Road, March 
(Tel: March 2070) 

Slack, R. L., Lowfields Farm, Eastham, 
Wirral 
Ward, 
Collins, ¢ 


( ambridgeshire 
Cheshire 


, Pilsley, Nr. Bakewell 

. Rowbre Cottage, Staple Hill 
Newton Abbott. (Tel: Bickington 310) 
Darch, R. I Orchard Cottage, Long 
Burton, Sherborne; Frampton, The 
Misses P. T., and Z. M., Hide Farm, 
Shapwick, Nr. Blandford; Hiscott, | 
Lower Kingsbury, Milborne Port, Sher- 
Stokes, I I Silver Falls 4 
Shaston Road, Stourpaine, Blandford 
Forum. (Tel: Blandford 316) 
Arnold, E.,8 Beech Terrace, South Moor 
Stanley; Cooper, E., 14 Neale Street 
Annfield Plain; Graham, R. J., 109, Dans 
Castle Tow Law; Hutchinson, M 
Greenwell Hill, Wolsingham, Bishop 
Auckland: Lee, G 15 Mitchell Street, 
Anntield Plain 
Puck, Messrs. A. J. and Son Ltd., The 
Mousery, Rayleigh. (Tel: Hull Bridge 
2RO) 
Leaver, T.,55 W am Street 
(Tel: Herne Bay 1299) 
$6 St. Heliers Rd... Black- 
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welcomed part of the exhibition. We understand that 
most of them could have been ‘sold out’ two or three 
times, and that as many as 900 applications were 
received for tickets for one of them. The lecturers were 
of the highest calibre, men of considerable reputation 
in their own fields, and the demonstrations in particular 
were excellent 

Summing up, this exhibition enabled the ordinary 
bird's-eye view of modern 


working scientist to get a 
scientific apparatus and materials, and to discuss them 


with experts, in the space of a few hours. Without such 
an exhibition tt take many and 
journeys and much more expense to achieve the same 


would days several 


object 

We hope that next year the exhibition will be held 
again, with increased coverage, particularly of highly 
specialized apparatus and the latest books. It is worth 
laboratory 


remembering that books, and especially 


manuals, are as much tools of our trade as apparatus 


and chemicals 
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EXHIBITION LECTURES 
THE APPLICATION OF THE CATHODE RAY POLAROGRAPH 
IN FOOD ANALYSIS 
by J. S. Hetman 
Southern Analytical Ltd., Camberley, Surre\ 


HE sale of food in Great Britain is controlled rABLE | 
by regulations recommended by the food 


> 
Recommended /} 


standards committee. The general limits tor copper, 


lead and zinc laid out in Bell’s Sale of Food & Drugs 
Act (1956) are given in Table | 


The present work describes polarographical 





methods for the simultaneous determination of 
Cu, Pb and Zn in various foods and drinks. The 
estimation of vitamin C, saccharin, and sulphur 
dioxide in a variety of soft drinks and fruit juices 
Is also described 

For the accurate estimation of any of these 
elements by classical methods, very tedious 


analytical operations are required and the ume 





involved to complete the analysis ts about three o1 


four hours tor Cu and two 
three metals. In general the san 
by ashing or by wet decon 
under consideration § are 
solvents, or precipitation 
mined colorimetrically 

A number of papers have been 
with the polarographical determinatiotr 
and Zn‘'*. Prior to polarographica 
ashing or wet decomposition is necessary 
in no way differs from the procedure for classical 
methods. Using conventional polarog aphs, it is 
essential to apply chemical separation to concen 
trate the metals being determined, and to remove 
the interference of one upon another (Cu must be 
removed for the determination of Pb, Fe interferes 
in the determinations of Cu and Zn) 

In this work a new technique has been developed 
which enables the simultaneous determination of 
Cu, Pb and Zn in one to two hours. A cathode ray 
polarograph is used for the estimation of each 
metal. The high sensitivity and resolution power 
of the instrument eliminates the nec ity of 
preliminary chemical separation 

Work has also been carried out in the estimation 
of vitamin C, saccharin, and sulphur dioxide in a 
variety of soft drinks and fruit juices. In accordance 

Mr. Hetman delivers his lecture (chairman: Dr. J. D. with the Food Labelling Act, the minimum vitamin 
Mounfield). C content must be expressed on the label. In a 
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applying cathodic reduction and Zn at 1-2V 
applying anodic oxidation. 

Known amounts of Cu, Pb and Zn were intro- 
duced into 10 ml. volumetric flasks, made up to 
volume with base electrolyte, shaken well and the 
polarograms recorded on 5 ml. aliquots, after 
de-aerating with N2 for 3 min. Derivative display 
was applied to obtain the Zn wave. (Fig. 1-3). The 
wave heights obtained are summarized in Table II 


TABLE IU 
Wave heights of Cu, Pb and Zn 











2 oa Os Scale Metal added Wave Height 
v ° Metal Factor ig mi. Divisions of 


Graticule 


0-06 








Analysis of Cocoa 
Iwo g. of sample in a silica crucible, capacity 
. 


25 ml., were charred and ignited at a tempera- 


ture not exceeding 500 C. The ash was dissolved 





FIG.2. TYPICAL Pb WAVE 0-4 g/m | 


andards Committee Report on sott 
prohibited except 

ervatives such 

In wide rang 
concentration and metho yr their rapid estin 


itor 


Experimental 

In a base electrolyte composed of 0-2M_ tartaric 
acid in 0-IM HNO; Cu, Pb and Zn can be 
determined simultaneously. The presence of stannic 
tin has no effect on the waves of Cu, Pb or Zn. Well 


—— 





O-1 0-2 O3 O°5 
Y 





shaped reproducible waves are formed with the 
peak potentials for Cu at —0-25V and Pb at —0-6\ FIG.3. TYPICAL Zn WAVE 1tOpg/m! 
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in | ml. of 1:1 HNOs, the solution evaporated to 
dryness, the residue dissolved in base electrolyte, 
boiled, transferred into a 10 ml. flask, made up to 
the mark and filtered through a dry folded filter 
paper. The polarograms were recorded on a 5 ml 


of filtrate and the concentrations of each metal 
obtained from a calibration graph prepared as 
stated above. Cu 9 p.p.m., Pb 0-5 p.p.m., Zn 60 
p.p.m. The results obtained are in agreement with 


classical methods. (Table IID) 


Determination of Copper and Zinc in Beer 

Ten ml. of sample were placed in a silica crucible, 
capacity 25 ml., evaporated to dryness, charred 
and ignited at 600-700 ¢ 
in | ml. 1:1 HNO, and the solution evaporated to 
Five ml acid nitric 
were the dry 


nto a 


The residue was dissolved 


tartaric acid hase 
to 
transterred 


with 


dryness ol 


residue, the 
10 flask, 
electrolyte. The 
aliquot 


electrolyte added 


boiled, ml 


to 


solution 


made up volume base 


polarograms were recorded on a 5 mi 
after de-aerating with N>, on start potential O-1\ 
for Cu, applying cathodic reduction, and 1-35\ 
for Zn, applying anodic oxidation and derivative 
display. The concentrations were obtained from a 
calibration graph, prepared fromsynthetic solutions 

The above method is applicable for samples in 
which the Fe content is not greatly in excess of the 
Cu. If the Fe is more than 50 times the concentra- 
tion of Cu, interference is observed in the Cu wave 
HCI ascorbic electrolyte Is 
In this base electrolyte Fe is reduced 


and a acid base 


preferable 
by the ascorbic acid and concentrations of Fe up 
to 0-5 per cent show no interference 


TABLI 


Simultaneous Determination of Copper, Lead and 
Zinc in Meat Extract 
[wo g. of sample were weighed tn a silica crucible, 
charred and ignited at a temperature not exceeding 
500 C in 2 ml. of 
HCl, conc. HNO 
evaporated to dryness of conc 
were added to the dry residue and the 
repeated. Finally 2 ml HC] 
followed by 5 ml the 
for 2-3 min. cooled and transferred into a 
flask 0-2 £ of ascorbic acid was added to the flask, 
the solution made up to the mark with water and 


cone 
and 
HC! 


evaporation 


The ash was dissolved 
oxidized with 0-5 ml. of 


Iwo ml 


? were added, 
boiled 


0 ml 


of conc 


of water, solution 


shaken well 
5 ml. aliquot, on start potential 


The polarograms were recorded on a 
0-O7\ Cu 
and Pb, applying cathodic reduction and —-1-3\ 
for Zn, applying anodic oxidation and derivative 
The Pb 4 
and from a 
concentrations found by 
No Cu 
7n 


for 


concentrations, Cu 4 
Zn 40 


graph 


display p.p.n 


p.p.m p.p.n were obtained 
[he 
classical methods were 


Pb 


detected but was neglig 


calibration 
FOOd av 


in 


or was found in the reag was 


ible (0-1 


Simultaneous Determination of Copper, Lead and 
Zine in Wine 

Ten ml. of 

charred and ignited at a temperature 

500 C. The was dissoly 

HCl, 

2 ml water added, the solution 

and 10 ml. flask 

ascorbic acid was added, the solution made up to 


a dry tolded 


sample We>re evaporate aryness, 


residual ash 
» 9 “e 


conc digested for 2-5 mu 


ol 
transferred into a 
the mark with water, filtered through 
filter Whatman No. 40, 


and the polaro 


paper, 


Concentrations of Copper, Lead and Zinc in Various Foods and Drink 





Cu 
Sample 
Class.* 
Method 


Pol.* 
Vethod 


Cocoa i) 1] 
Beer 


Meat Extract 


Wine 


Pb 


( lass 
Method 


Pol 
Method 


Class 
VUethod 


Pol 
Vethod 


0-4 60 SO 


0-5 


20 


0-] 





Polarographical 
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grams recorded on 5 ml. of filtrate. Cu was recorded 
O-1V and Pb at —0-3V using 
found using start 
oxidation with 


at start potential 
cathodic reduction; Zn 
potential 1-25V_ by 
derivative display 

In the HCl /ascorbic acid base electrolyte the 
presence of Sn has no effect, if its concentration ts 
not more than twice that of Pb. If Sn 1s in greater 
excess the removal of Sn with a HBr Br mixture 
is essential. The operation is relatively simple 

To the residue, afte: ashing the sample, is added 
0-5 ml. of HBr saturated with Br, and the solution 
evaporated to dryness on a water bath. One ml 
of conc. HC] is added, followed by 5 ml. of water, 
the solution boiled for 2-3 min., and 
transferred into a 10 ml. flask. 0-1 g 
acid 1s added and the solution made up to the 
mark with water. The polarograms of Cu, Pb and 
#n are obtained as previously described 


Was 
anodic 


cooled 


of ascorbic 


Determination of Vitamin C in Soft Drinks 
In a phosphate buffer, pH &, vitamin C is oxidizable 
with the formation of an anodic wave with peak 
potential at 0-1V. The linear relation between 
wave height and concentration 1s always preserved 
and no interference from the other components 
of soft drinks manufactured in this country has 
been observed 

In soft drinks, ascorbic acid is added during 
manutacture, therefore no pretreatment of the 
sample to convert combined ascorbic acid to free 
ascorbic acid IS necessa’ry 

The determination is one of the easiest and up 
to 100 samples per day could be analysed 

The buffer solution is prepared by adding drop 








FIG.4. VITAMIN C IN LEMON CORDIAL 
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O-1 02 C3 O04 O05 
v 
FIG.5. SACCHARIN 





IN LEMON CORDIAL 


by drop a 10 per cent solution of KH»PO, to a 
2 per cent solution of Na,HPO,, 12 H,O until 
the pH reached eight units. According to the 
amount of ascorbic acid present, 0-5 to 2 ml. of 
sample are introduced into a 10 ml. flask, made up 
to volume with the buffer solution and the polaro- 
0-2\ 


The concentration is obtained from a calibration 


gram recorded on 5 ml. on start potential 


graph prepared from AnalaR grade ascorbic acid 
Fig. 4 is a typical polarogram of vitamin C in a 


lemon cordial (1-6 19 ml.). Scale factor 4-0 


Determination of Saccharin in Soft Drinks 

with the formation of a 
1:25V. In 
determined 


Saccharin 1s reducible 
single wave at peak potential 


can be 


some 
samples, the concentration 
directly on the solution, placing the sample in the 
cell, de-aerating, and recording the polarogram. In 
others, an HCI LiCl] electrolyte is used (250 ml. of 
0-2N HCI, 500 ml. of 0-1 N LiCl, pH 1-0) 

2:5 ml. of sample are introduced into a 10 ml 
volumetric flask, brought up to the mark with base 
electrolyte and the polarogram recorded on a 


5 ml. aliquot, on start potential 0-9V. In many 


samples the saccharin wave is reduced very close 


to that of hydrogen or of other components present 
in the soft drink and measurement of the saccharin 
wave on direct current is impossible, therefore 
derivative current is used. A linear relation be 
tween wave height and concentration exists ove! 
of concentration. The saccharin 
from a calibration graph 


a wide 
contents are 


range 
obtained 
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FIG.6. SULPHITE IN LEMON CORDIAL 


Fig. 5 is the polarogram of saccharin in a lemon 
cordial 2 ug ml. Scale factor 15-9 
Determination of Sulphur Dioxide in Drinks 
Sulphites are oxidizable in an acid medium with 
the formation of a double wave at peak potentials 

0 O-15\ 

Acidifying the sample will introduce the poss! 
bility of losing SO» on de-aeration, therefore the 
sample ts first made alkaline with NaOH, de-aerated, 


25 and 


acidified with oxygen-free HCI, and the polaro- 


gram recorded. Linearity between wave height and 


concentration is always preserved under constant 
acidity conditions 

For the determination of sulphites in lemon 
cordial, 2 ml. of sample are introduced into a 10 ml 
flask, and made up to the mark with a base electro- 
lyte consisting of | per cent KCI in 0-IN NaOH 
Five ml. of solution are transferred into a polaro- 
graphic cell, and de-aerated with N >. 0-2 of 
HCl are the by 
passing five or six bubbles of N,; 


ml 


conc added, solution mixed 
and the polaro- 
gram recorded on start potential 
anodic oxidation (Fig. 6). The 


sulphites is obtained from a calibration grap! 


0-S5V, applying 


concentration of 


Determination of Benzoic Acid in Soft Drinks 
Benzoic 
0-3M 


formation of a single wave at peak potential 


base electrolyte of 
the 
1-7V 


mixing 


acid 1s reducible in a 


tetraethylammonium bromide with 


A direct determination of benzoic acid, by 


the sample with base electrolyte is not possibl 
due to interference from other substances reducible 
on or near the same potential. A \ on of the 


pH in various ranges gives | 


Water Pollution Research 


Only ifter it the Water Pollut 
Research Laboratory at Stevenage ts already being exter 
Work has started or 


next 


SIX) years ion 


ded 


was opened 


a new wing, scheduled for compiction 
which will accommodate an additional 40 
research staff and increase the total research effort of the 
Laboratory by nearly 50 per cent. This ts announced the 
Laboratory's report, published for D.S.I.R., by 
H.M.S.O 6d.) Such rapid expansion has beet 
called for swiftly increasing Brita 

industrial purposes, making it more and more 
to which industrial and 
added. Water can only be re 
liquors ideq mately 
the undertaken 


ot importance in the 


Carty yeal 


annual 
(price 7s 


by the ise of water u 


especially 


necessary to use waters sewage 


effluents have already been iscd 
purified 


by the 


Sulusfactor if polluting 
before 


Laboratory s 


are 
research 
growing 


ing ind 
therefore 


disc h 


national economy 
Most of the new accommodation at Steven 
of in which 
methods of treating waste liquors can be taken 
, ae fe 


" 
ize Will cor 
experimmel 


to the stag 


Pilol-Sc ile laboratories new 
introduced 1 
iboratory s present 


the 


where they can easily be 
A | part of the | 


h basic problems u 


I-scale pract 
re work 1s conce! 


treatment of sewage 


experiment was start 
opel 


commot 


which 

iscd | 
el rock 
pure 


conditrons L sing 


* slav. brok 


domestic 


radi 


sed to tre 


Oaclive 
{BORATOR) 


AUGUST 1960 i] 


Detergents 
powders, co 
mater dey 


deocompo 


sed by 
Further work 


nber of ibstar 


opper 


PRACTICI 





Prof. R. Belcher. 


ESPITE the great advances in instrumentation and 
Danita methods for end-point detection, 
visual indicators remain the most widely used reagents 
n analytical chemistry and the search for new indicators 
continues on an unprecedented scale 

Indicators are used in acid-base, precipitation, redox 
and complexemetric titrations and examples of each 


class are considered under these headings 


Acid-base Indicators 
The conventional acid-base indicators which are avail- 
satisfactory and there ts littl need 


able are generally 
However, some indicators have been 


for improvement 
described which may be of service in special cases For 
Agarwal! have 

which can be used in the 


example, Verma and described a 
indicator 
two stages of phosphoric acid. It 
methyl orange, Xylene Cyanol FI 


the colour changes occur at pH 4:5 


screened-mixed 
titration of the first 


consists of and 


phenolphthaiein 


and pH 9-0. It is usually necessary to titrate separate 


aliquots but with this composite indicator both titrations 


can be done on the same solution 


An interesting series of mixed indicators has been 


described by Mikhailov These give a colourless zone 


at the end-point; the ranges o1 either side of this 


colourless zone are coloured An exan ple of these 


mixed indicators is hexamethyoxytriphenylcarbinol 
thymolphthalein (equal parts of O-l per cent ethanolic 
solutions). The colour is red between pH O and 4:6 
colourless to 9°3 and blue above 9-3 
For titration in 

nd 


chloride has been proposed : chloroform ts added anc 


coloured nitron hydro 


the colour change takes place in the organic phase 


In the early days of titrimetric analysis inorganic 


LABORATORY) 


INDICATORS 
by R. Belcher 
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Birmingham University 


indicators were quite common, but were rapidly 
superseded by organic indicators. More recently, some 
inorganic indicators have been described for special 
purposes and have been referred to in several mono- 
graphs‘. These indicators sometimes have advantages 
over organic indicators when a titration has to be done 
in an oxidizing medium which would destroy an organic 
The most recent example of this type of 


which 1s 


indicator 
indicator is yellow basic ferric sulphate, 
converted into red iso-orthoferrihydroxide by hydroxy! 
ion at about pH 8. The indicator is prepared by oxidizing 
ferrous sulphate with hydrogen peroxide 

Perhaps the most interesting of the recent acid-base 
indicators are the chemiluminescent indicators. These 
are indicators which emit light at the end-point. The 
first indicator of this type was described by Kenny and 
Kurtz®. More recent studies have been carried out by 
Erdey and his co-workers in Budapest. Examples of 
this class of indicator are lophine, luminol and lucigenin 
There are several papers available describing the use of 
these indicators’; it is also possible to apply them in 
argentometric, redox and complexometric titrations 


Precipitation Indicators 

Indicators of this type are generally used in argen- 
tometry. Many new adsorption indicators have been 
proposed but they have not come into wide use because 
of their limitations when electrolytes other than halides 
Mehlig® has potassium 


argentometric This 


are present recommended 
rhodizonate as an 


compound was recommended many years ago as an 


indicator 


indicator for the titration of sulphate with barium salts, 
but is now little used because of the poor end-point It 


would seem, however, that the reaction with silver ions 


s much more sensitive, for Mehlig claims that the 


indicator has advantages over chromate and thio 
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cynate when used in the Mohr and Volhard titrations 
respectively 

Cyanide is usually titrated with silver nitrate accord- 
ing to the Liebig-Denigés procedure; a turbidimetric 
end-point is used. Several indicators depending on 
colour-change have been suggested but their use does 
not appear to be widespread. Recently Bhatki!® has 
recommended the titration of cyanide with nickel salts: 
he uses as indicator resacetophenone-oxime which 
gives a yellow-green turbidity at the end-point 


Redox Indicators 

This is a field which has expanded considerably since 
Knop first recommended diphenylamine as a redox 
indicator for use in titrations of iron(II) with dichro- 
mate. The abnormal behaviour of some of those 
indicators is still unexplained. Because diphenylamine 
is first oxidized to diphenylbenzidine, the latter com- 
pound has been used in place of diphenylamine in order 
to reduce the blank Unfortunately, when 
diphenylbenzidine is added to a test solution it is 
insolubility§ in aqueous 


value 


precipitated owing to. its 
media—and is then difficult to oxidize; over-titration 


may result. When diphenylbenzidine is formed in situ 
by oxidation of diphenylamine this effect 1s not noticed 


An improvement on both these indicators is diphenyl- 
which does not yield precipitates 


with This 
indicator is perhaps the one most widely used for 


amine-sulfonic acid 


molybdate, etc 


such as tungstate, 


1Ons 
titrations with dichromate 

It is surprising that the work was never carried to its 
logical conclusion. It would be expected that dipheny]- 
benzidine-sulfonic acid would be the best of this group, 
because it should have a lower blank value than the 
corresponding diphenylamine-sulfonic acid and should 
not precipitate like the parent base. This indicator was 
in fact described in 1935!2 but the work appears to 
have passed unnoticed. Recently, the material has 
become commercially available. It has a lower blank 
value than diphenylamine-sulfonic acid, as would be 
expected, and the end-points are very sharp. In our 
opinion! 3, this indicator is the best of the diphenyl- 
amine group 

A few years after the development of redox indicators, 
the independent studies of Willard and of Furman in 
the U.S.A. placed ceric sulphate on a sound basis as a 
oxidimetric titrant. In the early days of this titrant 
there were no Satisfactory indicators available and it 
was not until Kunz!+ had established the redox 
potential of the system that it became apparent that an 
indicator of higher redox potential than the dipheny!- 
amine type was required. The work of Walden, Ham- 
mett and Chapman! resulted in ferroin being recom- 
mended. The introduction of ferroin was a great 
advance and this indicator has been called the 
‘phenolphthalein of oxidimetry’!®. Ferroin has a redox 
potential of 1:06 volts and it is surprising to find even 
today some curious statements about its applications in 
the text-books. This is possibly due to incomplete 
understanding of the early literature on the subject 
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Sometimes ferroin is advocated as indicator for titra- 
tions of iron(II) with dichromate, yet under the normal 
conditions of this titration it is not possible to obtain 
an end-point. It is an easy matter to see the reason if 
the redox potentials of the system and indicator are 
considered. The reaction between dichromate and 
iron(I1) follows an unusual course. When dichromate 
is titrated into iron(II), the equivalence potential 
ranges from 0-85-1-0 volts; this is below the redox 
potential of ferroin and therefore no end-point is 
obtained. In the reverse titration, however, a curious 
phenomenon occurs and the equivalence potential 
1:22-0-85 v. In the titration 


satisfactorily. [t is 


ranges from reverse 


therefore, ferroin 
satisfactory in the direct titration with dichromate when 


to about 4 M in 


functions also 


the acidity of the solution is raised 
sulphuric acid 
increased and that of the indicator is decreased at 


The redox potential of the system ts 
this 


acidity 
We were puzzled for many years by the indicator \ 


phenylanthranilic acid Ihe redox potential j 


reported as being |1-O8 v. and it is usual to find the 


Statement made that it will serve both in dichromate 


and ceric sulphate titrations. Because this potential 1s 


i rpri © 


even higher than that of ferroin 


that it 


find does in fact give an end-point in both 


titrations. This led us to redetermine the transition 


We 


have found the potential is 0-89 v. which is the potential] 
| 


yotential of this indicator some little time ago 
I 


to be expected for an indicator which functions witl 


both titrants. It would be very surprising if the potential 
minally 


*h as or! 


of \-phenylanthranilic acid were as h 
The 


acid; 


reported actual structure is dipheny lamine-o 


carboxylic the potential of diphenylamine is 
0-76 v. and it is hardly to be expected that the 
I 


duction of a carboxyl group would raise the potential 


intro 


to such a degree 

The greatest contributions which have been made in 
the field of redox indicators are those of Prof. G. | 
Smith and his co-workers. He has synthesized many 
substituted ferroins and dipyridyls and has determined 
their redox potentials. As a result of these studies 
ferroin type indicators are available covering the range 
0:86-1:25 v. Smith and Brandt!’ have recommended 
5:6-dimethylferroin as indicator in titrations with 
dichromate; the redox potential is 0-97 v. This indicator 
undoubtedly works well in this system but in our 
opinion is inferior to diphenylbenzidine sulfonic acid 
It is known that the redox potential of 2-2-dipyridyl is 
also 0-97 v. and it would therefore be expected to 
behave like 5:6-dimethylferroin with dichromate, but 
no end-point is obtained. It would seem then that the 
suitability of a redox indicator for a particular system 
cannot be assessed completely by its redox potential 

The two indicators which have the highest potential 
of the series are nitroferroin and ruthenium 2-2’- 
dipyridyl. Their redox potentials are both 1:25 v. and 
they are suitable for use in titrations with ceric sulphate 
in perchloric acid medium. This reagent has the highest 
redox potential of any known titrant and ferroin itself 
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is unsuitable because its potential is too low. Another 
puzzling feature which still awaits explanation has 
come to light from recent work of Rao?". Rao recom- 
mends in place of the two preceding indicators for 
ceric-perchloric acid titrations, certain triphenylmethane 
dyestuffs such as erioglaucin A and eriogreen B. These 
indicators were used in the early days of ceric sulphate 
titrations before ferroin was discovered and their redox 
potentials are well known (1-0 v.). This conflicts with 
the current belief that ferroin is unsuitable for use with 
ceric-perchloric acid because its potential (1-06 v.) is 
too low 

Some new redox indicators have been proposed and 
the most interesting of these are copper phthalocyanine- 
4-4'-4"-4 "-tetrasulfonic acid?!, and triphenylmethyl- 
arsonium chloride??. The former indicator appears to 
have some advantages over ferroin under certain 
conditions; it has the advantage of being cheap and 
very stable. Triphenylmethylarsonium chloride is used 
as an extraction indicator and is recommended for 
titrations with permanganate, dichromate and iodine 
It is especially useful when the test solution is coloured 
with ions such as copper, cobalt, and nickel 

An interesting method for the direct 
titration of oxalate with ferroin as indicator has been 
described by Rao and Rao2;. This titration must 
normally be carried out at elevated temperatures at 
unstable. Certain catalysts have 


cerimetric 


which ferroin 1s very 
been proposed which accelerate the reaction at lower 


temperatures, but none of these is very satisfactory 


Rao and Rao found that sulphate ions had an in- 
hibiting effect on the oxidation and if barium chloride 
is added to the solutions so that sulphate ions are 
instantaneous in the cold 


Unfortunately, it is 


removed, the oxidation Is 


without the need for catalysts 


necessary to work with somewhat smaller quantities 


than are normally used in this titration 


Complexometric Indicators 


The rapid adoption ot t DTA and similar complexans 


as titrimetric reagents has resulted in a large number of 


new complexometric indicators being advocated. An 


excellent survey of the subject 1s already available in 


the literature 
We have developed several of these indicators 


and some of these studies are now described. By 


ilizarin with formaldehyde and iminodia 


NX N-diacetic 
indicator in the 


condensing 
}-aminomethyl-alizarin acid 


This 1 


cetic acid, 


was obtained suitable as 


titration of certain heavy metals at a pH lower than can 


be tolerated with the usual indicators Applications 
have already been tound 

Perhaps the most interesting reaction of this com 
pound ts not as an tndicator, but as a direct colorimetric 
reagent for fluoride this is the first direct fluoride 
literature Ihe 
reagent Wher 


fluoride ions are added, a new complex is formed which 


colour reaction to be reported in the 


with cerrum(IIT) 


forms a red chelate 


is blue; it 1s possible to use this reaction for the colori 


metric determination of fluoride 
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When H acid is diazotized, a compound is formed 
which gives a selective colour reaction with calcium 42 
Only nickel gives a similar reaction and this is by no 
means as intense as the calcium reaction. Barium and 
strontium are without effect. This enables calcium to be 
titrated in the presence of barium using CDTA in place 
of EDTA as titrant. The titration of calcium in the 
presence of strontium is not so satisfactory because of 
the proximity of the complex constants. The structure 
of the product is still unknown but work on this subject 
is now in progress 

For several years we have studied benzidine and 
related compounds as analytical reagents. More 
recently we have introduced the complexan type of 
grouping into benzidine compounds and this has 
yielded some new interesting indicators $3. The following 
compounds have been made: o-dianisidine-N:N’:N” 
N’"-tetra-acetic acid(1), o0-phenetidine-N:N’N’-N’’- 
tetra-acetic acid(Il) and  benzidine-3-3'-dicarboxylic 
acid-N:N’:N°:N’*-tetra-acetic acid. These compounds 
fluoresce strongly in U.V. light and (1) and (IL) have 
the property of forming complexes with copper and 
mercury which are non-fluorescent. Both these metals 
can therefore be titrated with EDTA using (1) or (II) as 
the indicator. The solution fluoresces vividly in U.V 
light at the end-points which are very sharp and are 
much superior to those given with other indicators 
available for this titration. (II]} behaves similarly with 
calcium. Further studies on this type of indicator are 


now in progress 
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Dr. J. E. Salmon delivers his lecture under the chairmanship 
of Prof. D. P. Craig. 


Introduction 


It is Adams and Holmes 


reported the discovery of ton-exchange resins and it 


now just 25 years since 
would seem appropriate at this Stage to take stock of 
the uses which have been found for these materials in 
the first quarter century. Some of these uses had been 
anticipated in the applications of natural and synthetic 
zeolites and sulphonated coal exchangers, but, apart 
from the one instance of water softening, on a very 
limited scale only 

The phenol-formaldehyde resins devised by Adams 
and Holmes have been replaced for many purposes by 
the more stable exchangers based on cross-linked 
polystyrene (or similar structures, such as cross-linked 
polymethacrylic acid). Furthermore additional ion 
exchange materials have been introduced for specific 
purposes. These include phosphorylated cellulose for 
use In ion exchange paper chromatography, liquid ion 
exchangers fo! applications of a solvent extraction type, 
and 
high 


ion exchange membranes for electrodialysis, 


synthetic inorganic 1ton-exchangers for use at 


temperatures or at high levels of radioactivity. The 


range of materials available has increased markedly in 
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ION EXCHANGE 


TECHNIQUES 


by J. E. Salmon 


the last ten years and as a conseque! 


based on such materials have beer 


lon exchangers whatever t! cil 
' 


cation exchangers) o 


salts of those acids or bases 
basic, or salt form they are 
range of solvents, including 
schematically the presumec 
acidic cation-exchanger in 
In this structure the hydroger 


solvated, are mobile and m; 


equivalent amount of inother cation 


mH M mH M 


(where barred formulae indicate ions 
M). while the Sul] 


bonds the 


the valency of acid 


bound by 


and ‘m 


anions are stable covalent 


polymer network and cannot be exchanged. For 


solutions of specified volume and initial salt concentra 
tion and for a specified weight of resin an equilibrium 


will be established (equation 1) and is governed 


essentially by a Donnan type relation, but modified by 


the effect of swelling pressure changes in the resin as 


one cation 1s replaced by the other 


The strongly basic anion-exchanger shown in | 


is in its chloride (salt) form, but the free base form 


this if 


obtained from suitable excess of sodium 
| 


hydroxide solution 1s passed throug! a column of the 


exchanger. In this way the equilibs 


Cl OH C| OH (2) 


| 


iS displaced completely from left to right. The others 


salt forms ol the anion exchanger are readily prepared 


from the hydroxide (free base) forn 
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Fig. 1. Cation exchanger (schematic). 


Applications in Trace Analysis 

It is perhaps one of the major advantages of the ion- 
exchange process that the reactions involved occur 
readily even if the concentration of the ion initially 
present in the aqueous phase is only 10-9M (and 
probably even lower). Thus a suspension of an ‘insoluble’ 
salt, such as cobalt phosphate, will contain a minute 
amount of dissolved salt, yielding a low concentration 
of cobalt ions which exchange with hydrogen ions from 
a cation exchanger. With a large excess of exchanger 
the insoluble phosphate will quickly ‘dissolve’ if the 
Suspension is agitated, forming a solution of phosphoric 
acid and leaving the resin finally in a mixed hydrogen 
plus cobalt form 


Co (PO4)>.xH>»O excess H 


2H ;PO,4 ICo? (excess) H 
> 
(3) 
Advantage is taken of exchange reactions occurring 
at low ionic concentrations in the use of ion-exchange 
tests. For 


sensitivity of 


increase the spot 


resins to 
example, if ammonium thiocyanate is added to an acid 
solution of iron (IIL) which is 10 10-°5M in iron, no 
visible coloration is produced. but if this solution ts 
then passed through a column of an anion-exchange! 
form a red coloration is clearly 


in the thiocyanate 


visible on the resin-——presumably due to the sorption ot 
an anionic thiocyanto iron (IIL) complex on the surface 
of the beads 

lon-exchange reactions with very dilute solutions can 
also be used in quantitative analysis. If an ion such as 
copper (II) or iron (IIT) is present in the range 10-7 to 
10-5M it may known 
volume of solution and subsequently displaced from 


be sorbed from a large but 


the exchanger with a smaller, and again known, volume 


57? LABORATOR) 


'N*CH3) 30H 


Fig. 2. Anion exchanger (schematic). 


of acid solution. Its concentration is thus increased by a 
known factor and at the same time brought into the 
range where sensitive physico-chemical methods may 
be used for its determination 

In experiments of the type just described the purity 
of the reagents and of the water used in preparing 
solutions is of particular importance. Here again ion 
exchange can often be used to advantage. Thus water 
from which the gross impurities of hardness have 
largely been removed by distillation or by two-stage 
demineralization may be freed from the remaining 
ionic impurities by passing it through a column of 
mixed-bed resin, when water with a conductivity of 
less than 0-1 micromhos per cm. is easily produced 

As an instance of the purification of reagents it will 
suffice to quote the preparation of a potassium 
hydroxide solution that will contribute a negligible 
blank in the determination of silica present in water to 
the extent of 0-01 p.p.m. A solution of potassium 
sulphate (1M) is passed through a fully regenerated 
(OH-form) anion exchanger 


General Analytical and Preparative Applications 
The removal of interfering ions and metallic impurities 
in analytical and preparative chemistry can be achieved 
both by direct exchange of the simple cations and by 
anion-exchange reactions with complex anions formed 
by the metal tons with suitable ligands. One example of 
each type will be quoted by way of illustration 

In the analysis of borates containing heavy metal 
impurities these latter can be eliminated, prior to the 
determination of boron, by their sorption on the 
hydrogen form of a cation exchanger. The exchange is 
a straight forward one in which the metallic cations 
are replaced by an equivalent of hydrogen tons 


Since. in solutions of high chloride ion content, iron 
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(111) forms the complex anion (FeCl4)~ which is 
strongly sorbed by an anion exchanger which is initially 
in the chloride form, it is possible to remove iron (II1) 
impurity from concentrated solutions of hydrochloric 
acid or of lithium, magnesium, calcium or aluminium 
chlorides. The other metallic ions mentioned either do 
not form anionic chloro complexes or at least do not 
form which are sorbed under the conditions 
specified 

Such specific reactions can often be of great practical 
importance as in the Separation of uranium trom ores 
containing as little as O-l per cent of that metal. The 


ground ore is leached with dilute sulphuric acid, when 


ones 


uranium and various other metals, including iron, pass 
into solution. Of the metals present, however, only 
uranium and iron (II1) form sulphato complexes which 
are sorbed by the sulphate form of an anion exchange! 
The other metals pass through the column of ton 
exchanger into the effluent. The uranium and iron 
which are retained on the column are subsequently 
displaced from it by the action of acidified sodium 
nitrate (Fig. 3 illustrates a typical plant) 

The first reports of the use of iiquid ion exchangers 
appear to relate to the extraction of uranium The 
liquid anion exchangers are essentially tertiary amines 
with long alkyl chains. They are soluble in 
solvents as kerosene or benzene, but insoluble in water 
that 1s 


such 


and behave as weakly basic anion-exchangers 
anion-exchangers towards 
to the free amine state when in 


they behave as acidic 
solutions, but revert 
contact with basic solutions. As a consequence they are 
capable of extracting the uranium and ferric sulphate 
complexes from the acid leach liquor by an ion-exchange 
reaction. Since two liquid phases are involved, however 
the procedures which can be employed are essentially 


Fig. 3. lon exchange plant for 
aoranium extraction. 
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those of solvent extraction and it has been claimed that 


this offers over the conventional ion 


exchange method 
diethylhexyl-phosphoric acid have also been prepared 


advantages 
Liquid cation exchangers such as 


In quantitative analysis use is often made of the 


replacement of the cation of a salt by an equivalent 


amount of hydrogen tons or sometimes of the replace 
equivalent of 


anion of the salt by an 


This 


ment of the 


hydroxide ion application of ton exchange 


sometimes known as Salt-splitting, ts used the deter 


mination of the total salt concentration of solutions 


By the use of a column containing an excess of hydrogen 


form cation exchanger, the total salt content of ar 


1to ar 


aliquot of a solution may be converted i equivalent 


quantity Of acid, e.g 


NaClO , H 
which may be determined by 
some instances it is necessary 
reaction with an anion exchanger 

NaNO OH NaOH 

The salt splitting process offer 
j 


preparatiol of acids or 


t 


more convenient than 


sa 
bases which 


the classica 


Na>H>P>O 2H ~H4P>O 


Such reactions take piace readily Dec 
ion is much less strongly held by 
sulphonic acid) exchanger that 


that is the equll brium constant 
equation (1) is generally greate 
the hydroxide ion ts less 

basic (quaternary amn 


anions 


are most other 
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Fig. 4. Electrodialysis cell. 


It is as a result of this low affinity of the hydrogen 
and hydroxide ions for the exchangers that a large 
excess of acid or base is required for the complete 
regeneration of cation- or anion-exchange resins 
respectively. This factor which is of no great importance 
in the analytical uses of 1on exchange becomes one of 


economic significance in industrial applications 


lon-Exchange Mlembranes 

Because of the need to recover the species sorbed and 
to regenerate the resin, the use of ion-exchange beads 
in a column is of necessity a discontinuous process 
Although ingenious methods have been devised to 
avoid this difficulty none appears to have been entirely 
electrodialysis 


satisfactory. The alternative ts to use 


with ion exchange membranes. These are in essence 


Sheets of cation-exchange or anion-exchange 
material and Fig. 4 
partment cell which contains one membrane of each 


thin 
illustrates a typical three com- 
type. The centre compartment contains sodium chloride 


solution, whilst a trace of sodium hydroxide and of 
hydrochloric acid have been added to the cathode and 
anode compartments respectively to give conducting 
solutions in all three compartments. Sodium ions 
migrating towards the cathode on reaching the cation 
exchange membrane can be taken up by it and trans 
ported through it (effectively jumping from one sul 
phonic acid group to the next) so that the number of 
sodium ions leaving the membrane on the cathode side 
entering on the side 


the hydroxide 


exactly balances the number 


remote from the cathode. By contrast 
ions in the cathode compartment which move up to 
cation exchange membrane in ther migration towards 
the anode cannot be taken up by the membrane and 
hence cannot be transported through it. Thus as a 
result of the effect of the permselectivity of the mem 
brane and the cathode reaction 
hydroxide in the 


manner 


cathode compartment ts 


sodium 


increased. In a similar the concentration of 
hydrochloric acid in the anode compartment is in 
creased by the permselectivity of the anion exchange 


membrane and the anode reaction. At the same time 
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the concentration of 


the concentration of salt in the centre compartment ts 
reduced by the overall process which is essentially one 
of salt-splitting 

There ts no need for a regeneration c\ cle for, in effect, 
the process of regeneration of the exchangers is being 
carried out continuously. lon exchange membrane 
cells have been used for regenerating spent acid pickle 
liquors and, in the form of multicompartment cells for 
desalting brackish (Fig. 5). In practice the 


desalting is not complete since the electrical resistance 


waters 


of the compartments would become two high—if 
required the last traces of electrolyte are removed by 


conventional ion-exchange columns 


lon-Exchange Chromatography 
lon-exchange chromatography ts based on the differences 
in the affinities which various tons exhibit for the 
exchangers. Absolute values of these affinities are not 
known, but the relative affinities which two ions 
participating in an exchange reaction exhibit under 
specified conditions can be determined. These relative 
affinities are a function of both the charges on the ions 
and their solvated tonic radi 

Chromatographic separations based on ion exchange 
can be achieved using papers prepared from aminated 
or phosphorylated cellulose, but the majority of 


separations reported in the literature have been made 


Fig. 5. Electrodialysis equipment. Photo courtesy The Permutit 
Coe., £3 
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with columns filled with conventional ion-exchange 
albeit often of very small diameter. With 
three chromatographic 


resin beads 
the ion-exchange columns 
procedures may be employed, but one of these, namely 


commonly used for 


elution chromatography, is 


analytical purposes because it gives a greater degree of 


resolution of the components of a mixture 


In elution chromatography the tons to be separated 
are sorbed in a band at the top of a column (which is 
commonly in the hydrogen or ammonium forms if a 
cation exchanger), care being taken that only a small 
fraction of the total column capacity is employed. The 
ions in the band formed at the top of the column are 
then displaced down the column by the passage 
through it of an excess of a solution containing an ion 
of lower relative affinity than any of the ions forming 
the band (again usually hydrogen or ammonium ions 
for cation exchange separations). In this way the ions 
are displaced slowly down thecolumn, beingcontinuously 
resorbed and then displaced at each stage. During this 
process the components in the mixture which have the 
highest relative affinity for the resin are displaced more 
slowly down the than with a lower 
relative affinity and hence a separation ts achieved 


column those 


In a series of ions of very similar chemical properties, 
such as the lanthanide or actinide elements, where the 
ronic charge is constant the principal factor determining 
the relative affinities is the hydrated tonic radu of the 
ions. The ion of largest hydrated size being the least 
tirmly held. Hence since the ionic radu of the lanthanide 
Steadily in from lanthanum to 
hydrated states (in contrast to the 
in the same 


inerease size 
lutetium in then 
unhydrated radu which decrease steadily 


order), lutetium is the least firmly held of the lanthanide 


1OnsS 


ions and is the one most easily displaced from the 
column 

With ions which are of such closely similar character, 
the separations obtained are more satisfactory if the 
effect of these differences in affinity is supplemented by 
that of a reaction between the ton and a complexing 
agent (e.g. citrate) 
*mNH, Mr 


eg. Mm mNH , 


— 


*(M-citrate) complex 


and Ms citrate 


The effect of the second reaction (equation (7b) ) will 
be to reduce the concentration of free metal ions in 
solution and hence the equilibrium of the first reaction 
will be displaced to favour the left to right reaction 
(equation (7a) ). Since the smallest ion (in the unhydrated 
state) of a series of otherwise similar ions (i.e. lutetium 
in the lanthanide series) will form the complex species 
most readily (equation (7b) ), this factor will tend to 
keep this ion back in the solution phase and hence 
make for its more rapid elution. The largest (un- 
hydrated) ion, namely lanthanum will, however, be 
less affected by the complex-forming reaction and will 
tend to be held back on the resin. The degree of separa- 


AuGustT 1960 


LABORATORY PRACTICI 


tion achieved ts consequently enhanced by the complex 


formation 
So regular is the sequence of separation with a given 


complexing agent under specified conditions that the 


presence of a single atom undergoing spontaneous 
fission in the appropriate fraction from an 1-exchange 
column provided the first evidence of the successful 
preparation of element number 101.(4) Since in these 
separations a high proportion of the metal present ts 
locked up in the form of a complex ion, the total metal 
concentration in the solutions can be quite high, while 
the free metal ion concentration does not exceed the 
optimum value of 10°4m for chromatographic separa 
tions with strongly acidic resins 

Where the reaction between the metal ions and the 
complexing agent leads to the formation of anoinic 
complexes there is then the possibility of achieving 
separations of metals by anion-exchange chromato 
graphy. The work of Kraus and 
provided a usetul example of the exploitation of this 


his co-workers has 


anion-exchange procedure Where only two ions are to 


be separated then the use of a complex agent that will 


will 


ri 


concert one of them only to an anionic con plex 
enable a simple separation to be achieved, by the use 


of either a cation- or an anion-exchange colum 


thus the need for a chromatogr iphic type of 
may be avoided 
In some cases complex formation cannot 


facilitate the chromatographic separation 


talorh 


in the separation of the alkali metal or hi 
the separation of organic cations or anior 


of the separation of this latter class of 


vided by the very elegant procedure for 
of amino acids by cation exchange 


which was devised by Moore and Ste! 
h 
n 


j ‘ 
Od OF CIULIO 


One disadvantage of the met 
tography is that while the first band (or elution peak 


a plot of concentration of eluted species the effluent 


volume throughput) is sharp the succeeding 
bands are Where the 


elution bands is great enough it is possible to change 


against 


more diffuse tion of the 


separa 
the concentration, pH, or even the chemical nature, of 
the eluting agent so as to speed up the elution of the 
succeeding bands. Such abrupt changes can cause com 
plications, however, for example, the tailings of the 
preceding band may appear as a new band. A more 
suitable method thar 
gradient elution in which the strength of the eluant ts 


this stepwise elution is that of 


varied continuously in a predetermined manner during 
the elution process. As each band is leaving the bottom 
of the column and is being collected in the effluent, the 
rate of movement of the next band down the column is 
The 


speeded up by the change in eluant composition 
time taken by each ion to move down the column is 
thus kept to the minimum consistent with the achieve 
ment of a separation In this way sharper bands are 
obtained as the factors making for diffuseness in the 
bands are time dependent 


The 


chromatography ts increased by the fact that the species 


versatility of the method of ion-exchange 
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to be separated need not always be tonic. For example 
the separation of aldehydes and ketones and of mixtures 
of ketones by chromatography on an anion exchange 
column in the bisulphite form has been reported. A 
similar type of reaction 1s involved in the uptake of 


iodine by the iodide form of an anion exchanger.* In 


both cases the mechanism involves the addition of a 


neutral molecule to an ion (already sorbed on the 


exchanger) to form a new ion (which ts still retained by 


the exchanger). In the chromatographic process the 


bonds involved in forming the larger ion are presumably 
broken and re-made as the neutral species moves down 


the column 


Applications not Directly Dependent on the Exchange 
Process 
In some uses of ion exchangers the exchange process Is 
not directly involved. Such is the case in the use of ton 
exchangers as Catalysts which depends directly on their 
properties as insoluble acids or bases 
One result of the Donnan-membrane type of equilib 


which prevails with ion exchange systems ts that 


if} 


‘tration of external electrolyte—as distinct from 


solvent — into the resin beads ts_ restricted 


from those ions which are entering the structure 


replace ions which are leaving, the tons of the 


electrolyte are effectively excluded from 


ro inding 


beads. Neutral molecules are not so excluded 


the case of organic molecules may be absorbed 


tration in the beads than in 


ist in a higher concer 
ounding solvent) as a result of short range forces 


nteraction between the molecule and the resu 


icture Sep irations of electrolytes from non electro 
tes by “ion-exclusion’ have been described by Baumann 


ind Wheator 
forces Dindi molecules to the 


from one c even with 


tmembDers of ovous series, chromato 


Separations §¢ nembers of such series by 
possible \ 
, 
and ‘solubi 


h 


number of 


chromatogra] 


described 


Applications Dependent on both the Exchange Process 
and on the Resin Structure 


It has been kn 


an netr 
cent D.\ 
effect in the separ 
the preferential 
cross-linked resu 

The active Component ot j number ol 


the alkaloids) and by the 


ot a large organic ion (e-¢ he 


choice of a resin of a suitable degree of cross-linking tt ts 


possible to achieve a state where the largeioncan only just 


penetrate the resin structure. It 
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drugs Consists 


such a case the exchange 
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process ts sterically inhibited as is the subsequent release 
of the drug by exchange with hydrogen ions in the 
stomach (if the drug is cationic and sorbed on a cation 
exchanger) or with hydroxide in the intestine (if an 
anionic drug is sorbed on an anion exchanger) The 
result is that a slow release of drug to the system overt 
a long period of time is achieved and the efficiency of 


the drug is thereby increased 


lon Exchange in the Study of Complex-Formation 

Mention has already been made of the effect of complex 
formation on ion-exchange equilibria (equations 7 (a) 
and 7 (b) ). By a study of the effect of variations in the 
concentration of the complexing agent (with all other 
conditions fixed) on the sorption of tracer quantities 
of a metal ion, it is possible to deduce the equilibrium 
for the complex-forming — reaction The 
treatment has by Schubert 


constant 
mathematical 
and by Fronaeus 

The sorption of an acid group in the form of a group 
bound to a metal in a complex cation by a cation 


been given 


exchanger or more particularly the sorption of a metal 
in the form of a complex anion will also provide an 
indication of complex ion formation. A quantitative 
study of the ion exchange equilibria, by either batch 
equilibrium or column studies, can yield information 
concerning the composition or charge of the complex 
ions where these are unknown This procedure has been 
exploited to advantage by Kraus and his co-workers 
Where complex ions of various sizes are present as in 
the formation of isopolyanions by the condensation of 
for example, vanadates in acid solutions, the detection 
of the different species present can be simplified by the 
use of resins of varying degrees of cross linking An 
ionic sieve effect is then superimposed on the ion 
exchange equilibr a 
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to be separated need not always be tonic. For example 
the separation of aldehydes and ketones and of mixtures 
of ketones by chromatography on an anion exchange 
column in the bisulphite form has been reported. A 
similar type of reaction 1s involved in the uptake of 
iodine by the todide form of an anion exchanger.* In 
both cases the mechanism involves the addition of a 


neutral molecule to an ton (already sorbed on the 


exchanger) to form a new ion (which ts still retained by 
the exchanger). In the chromatographic process the 


bonds involved in forming the larger 1on are presumably 


broken and re-made as the neutral spectes moves down 


the column 


Applications not Directly Dependent on the Exchange 
Process 
In some uses of 1on exchangers the exchange process Is 
ot directly involved. Such ts the case in the use of ton 
xchangers as catalysts which depends directly on their 
properties as insoluble acids or bases 
One result of the Donnan-membrane type ot equilib 
um which prevails with ion exchange systems ts that 
he penetration of external electrolyte 


xternal solvent 


as distinct from 


into the resin beads ts_ restricted 


Apart from those ions which are entering the structure 


replace ions which are leaving, the tons of the 


rrounding electrolyte are effectively excluded from 


the resin beads. Neutral molecules are not so excluded 


ind in the case of organic molecules may be absorbed 
exist in a higher concentration in the beads than itn 
surrounding solvent) as a result of short range forces 


nteraction between the molecule and the resin 


icture. Separations of electrolytes from non electro 


tes by ‘lon-exclusion’ have been described by Baumantr 


ind Wheaton 
Since the forces binding the neutral molecules to the 


with 


compound 


w;wlogousS Series, chromato 


resin vary trom one to another even 


the different members of a ho 


raphic separations of wembers of such series by 


artition Chromatography are possible \ number of 


eparations of this type using ‘salting out’ and ‘solubil 


chromatography — | been described by 


WOrkel 


Applications Dependent on both the Exchange Process 
and on the Resin Structure 


has been known certain tare 


te the structure of 
vallable 


zene (D.V.B 


ie 


y commonly a 


netrate 
D.V.B.). | 


in the separauior 


cent 

effect 

i} 
) 
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e preferential SOT] 
cross-linked resin 
The active component a number of drugs cons 
of a large organic ion (e.g. the alkaloids) and by the 
choice of a resin of a Suitable degree of cross-linking It 1s 
possible to achieve a state where the largetoncan only just 
penetrate the resin structure. In such a case the exchange 
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process is sterically inhibited as ts the subsequent release 
of the drug by exchange with hydrogen ions in the 
stomach (if the drug is cationic and sorbed on a cation 
exchanger) or with hydroxide in the intestine (if an 
The 


result is that a slow release of drug to the system over 


anionic drug is sorbed on an anion exchanger) 


a long period of time ts achieved and the efficiency of 
the drug ts thereby increased 


lon Exchange in the Study of Complex-Formation 

Mention has already been made of the effect of complex 
formation on ion-exchange equilibria (equations 7 (a) 
and 7 (b) ). By a study of the effect of variations in the 
concentration of the complexing agent (with all other 
conditions fixed) on the sorption of tracer quantities 
of a metal ion, it is possible to deduce the equilibrium 
complex-forming reaction The 
Schubert 


constant for the 


mathematical treatment has been given by 
and by Fronaeus 

Phe sorption of an acid group tn the form of a group 
bound to a metal in a complex cation by a cation 
exchanger or more particularly the sorption of a metal 
in the form of a complex anion will also provide an 
indication of complex ion formation. A quantitative 
study of the ton exchange equilibria, by either batch 
equilibrium of column studies, can yield information 
concerning the composition of charge of the complex 
ions where these are unknown. This procedure has been 
exploited to advantage by Kraus and his co-workers 

Where complex ions Of various sizes are present as in 
the formation of isopolyanions by the condensation of 
for example vanadates in acid solutions, the detection 
of the different species present can be simplified by the 
use of resins of varying degrees of cross linking An 
ionic sieve effect is then superimposed on the ton 
exchange equilibria 
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PICTORIAL SUPPLEMENT > 


LABORATORY 
APPARATUS 


and 


MATERIALS 
EXHIBITION 


Royal Horticultural Society’s New Hall 
Westminster, London, S.W.| 





A SUCCESSFUL EXHIBITION 


This new Exhibition roved to he a great success on al 
counts. As will be seen from this illustrated supplement 
the attendance was excellent throughout and it 
particular was this the case at the 12 scientific lecture 
which were delivered to “full houses’ throughou lite 
run of the Exhibition 
Four of these lectures are inc luded in this issue and 

is the intention to publish at least six of the remaining 
eight in toto within the next three months 


4hove: After a rest in the visitors’ lounge, the tour of the 
Exhibition is continued. 


Porcelain, glassware, chemicals, refractories and electric 

Stirrers were featured on the Anderman stand, together 

with a Jena water bi-distiller which will produce four 
litres of bi-distilled water per hour. 2 


Astell Laboratory Service Co. Ltd. showed a selection of 

equipment covering the fields of chemistry, microbiology, 

laboratory control and laboratory furniture, with particular 
application to dairy and food industries. > 


Barlow-Whitney’s selection from their wide range of smaller 
process heating and testing equipment for laboratories drew 
many interested enquirers. > 


578 LABORATORY PRACTICE AuGust 1960 





Above we show the B.D.H. stand on which the company 
exhibited something of the range of its activities, including 
reagents, biochemicals, indicators and microscopical stains, 
ion exchange material and molecular sieves; the Camlab 
(Glass) Ltd. stand where emphasis was on thermostatically 
controlled laboratory equipment, including ovens and water 
baths; and the stand of Catalin Ltd., on which were shown 
examples of covalent and ionic models for use in the teaching 
of chemistry. 
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Below are the stands of Ralph Cuthbert Ltd., Endecotts (Filters) 
Ltd., and Esavian Ltd. On the first the company showed a wide 
selection of their own products together with some items of 
equipment manufactured by D. A. Gunn (Engineering) Ltd.; 
on the second the well-known range of test sieves to B.S. and 
U.S. Standards manufactured completely from stainless steel; 
and on the third examples of the Esavian Unilab units which 
will fit compactly into any laboratory. 
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Top left is the stand of W. G. Flaig & Sons Ltd., who featured 
a representative selection of Exelo brand laboratory glassware. 
Top right can be seen a comprehensive array of heat-controlled 
laboratory apparatus, furniture and fittings shown by Charles 
Hearson & Co. Ltd. Le/r is the Flatters & Garnett stand on 
which they demonstrated a range of microscopical and bio- 
logical equipment with particular emphasis on microprojection. 
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A busy scene outside the stand of T. Gerrard & Co., Ltd. Here were to be seen some interesting examples 
of zoological dissections, histological, embryological, anatomical and other models, and the preparation of 
microscopical slides by various micro-techniques. 
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Below: The Laboratory & Electrical Engineering Company 
showed the latest developments in laboratory incubation, a 
brushing machine and needle sharpening attachment, and a 
mercury vapour U.V. lamp. Marklab exhibits included taps, 
cocks and valves, and a selection of fittings of special interest 
to the medical research and pathological laboratories. 
Laboratory shelving and benching, fume cupboards and fume 
extraction equipment formed part of the display staged by the 
North of England School Furnishing Co., Ltd. 








Above: V. A. Howe & Co., Ltd. assembled a cross-selection of 
instruments of U.S. and continental manufacture, including pH 
equipment, fraction analysers, centrifuges and microtomes. 
More continental equipment was shown on the stand of the 
Hudes Merchandizing Corporation, and Isopad Ltd. displayed 
a full range of electric heating mantles from the smallest 
micro type to the largest pilot sizes made for flasks up to 
200 litre capacity. 
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Below: Furnaces, water 
baths, centrifuges, heat- 
ing mantles, balances, 
deionizers and a selec- 
tion of laboratory and 
scientific glassware were 
featured by J. Preston. 
Ltd. 


v 
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thove: Marks 4 and § Demin- 
rolit units and the new Mark 6 
model were featured by the 
Permutit Co., Ltd., together 
with samples of ion exchange 
resins for the laboratory. 


Ris \ busy moment outside 
the United Trade Press stand. 


lett: A wide display of tech- 

nical books were displayed by 

members of the Publishers 
Association 


Le} A range of 
general labora- 
tory apparatus 
with special em- 
phasis on their 
well-known ‘Off 
the Shelf’ service 
was featured by 
Scientific Sup- 
plies Co., Ltd. 


Right: The Wor- 
cester Royal Por- 
celain Co., Ltd. 
shared a_ stand 
with John Mon- 
crieff Ltd., to 
show a wide 
range of labora- 
tory porcelain 
and glassware. 





> 


Below: The chief exhibit 
featured by Silverson 
Machines (Sales) Ltd.. 
was a new high speed 
mixer emulsifier 
designed especially for 
laboratory use. 


v 








Winkworth Machinery Ltd., A. D. Wood and X-Lon Products 
Ltd. showed respectively (a) mixers with demonstration models to 
show blade actions; (+) a complete range of equipment that they 
supply together with some of their own range of high vacuum 
glass stopcocks; and (:) plastic laboratory equipment, including 
beakers, measuring cylinders, pipette washers, funnels, etc, 


Features of the Exhibition were the daily demonstrations of glass- 
blowing given by Mr. J. Frost of the Chemistry Department, 
University of Reading these were always a great attraction. 


The daily lectures were also a great success and were in all cases 
(as seen below) delivered to ‘full houses’. Four of these lectures 
appear elsewhere in this issue. 


v 
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STAND NUMBERS 
AND ADDRESSES OF EXHIBITORS 


Aimer Products Limited, 

56/58 Rochester Place, Camden Town, N.W.1. 
Anderman & Ci 

Battlebridge House, 87/95 Tooley Street, S.E.1. 
Astell Laboratory Service Co. 


Ltd., 
172 Brownhill Road, Catford, S. E6. 
W. & R. Balston Ltd., 
c/o H. Reeve Angei & Co. Ltd., 9 Bridewell Place, E.C.4. 
Barlow- Ltd., 
2 Dorset Square, N. W.1. 
Boro’ Laboratories & Co. Ltd., 
1 Station Buildings, Catford, S.E.6. 
The British Houses Ltd 


Graham Street, N.1. 
Camlab (Glass) Ltd., 
50 Burleigh Street, Cambridge. 
Catalin Limited, 
Farm Hill Road, Waltham Abbey, Essex. 
Communication Sy stems Limited, 
c/o Automatic Telephone & Electric = Ltd., Publicity 
Dept., St. Vincent Street, Liverpool, 3 
Cooke, Troughton & Simms Ltd., 


) Ltd., 
Isdon, Surrey, 


26 Mortimer Street, W.1. 
Cygnet Joinery Ltd., 
Higher Swan Lane, Bolton, Lancs. 
F. Darton & Co. 
Watford Field, Watford, Herts. 
Degenhardt & Co. Ltd., 
6 Cavendish Square, W.1. 
Electrothermal Engineering 
270 Neville Road, E.7. 
Elga Products Limited, 
Lane End, Bucks. 
Elliot Brothers (London) Ltd., 
Century Works, Lewisham, S.E.13. 
Endecotts (Filters) Limited, 
Lombard Road, S.W.19. 
Esavian Limited, 
185 Tottenham Court Road, W.1. 
Esco (Rubber) Ltd., 
34/36 Somerford Grove, N.16. 
W. G. & Sons, Ltd., 
Exelo Works, Margate Road, Broadstairs, Kent. 
Flatters & Garnett Ltd., 
oy Oxford Road, Manchester, 13. 
T. Gerrard & Co. Ltd., 
46 & 48 Pentonville Road, N.1. 
Grant Instruments (Cambridge) Ltd. 
Barrington, gy 
Geo. M. Hammer & Co. Ltd., 
Crown Works, Hermitage Road, N.4. 
Charles Hearson & Co. Ltd., 
68 Willow Walk, S.E.1. 
Hendrey Relays Limited, 
392 Bath Road, Slough, Bucks. 
F. J. Hone & Co. Ltd., 
19 Eldon Park, S.E.25. 
V. A. Howe & Co. Ltd., 
46 Pembridge Road, W.11. 
Hudes Merchandising Corporation Limited, 
52 Gloucester Place, W.1. 
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Isopad Limited, 

Barnet By-pass, Boreham Wood, Herts. 

Laboratory & Electrical Engineering Co., 

Goldsmith Street, Nottingham. 

Laboratory Equipment (London) Ltd., 

Libra Works, 18-20 Dames Road, E.7. 

L. Light & Company Limited, 

Poyle, Colnbrook, Bucks. 

W. Markes & Company Ltd., 

Wolverhampton Road, Wedges Mills, Cannock, Staffs. 
May & Baker Ltd., 

Dagenham, Essex. 

National Research Development Corporation, 

1 Tilney Street, W.1. 
The North of England School Furnishing Co. Ltd., 
East Mount Road, Darlington. 


Oxo Limited, 

Thames House, Queen Street Place, E.C.4. 
Pascall Co. Ltd., 

Gatwick Road, Crawley, Sussex. 

The Permutit Company Limited, 

Permutit House, Gunnersbury Avenue, W.4. 


Hersham Trading Estate, Walton-on-Thames, Surrey. 
J. Preston Ltd., 
202/208 West Street, — 1. 
W. R. Prior & Co. L 
London Road, Bishop’ $ Stortford, Herts. 
tion, 


The Publishers Associa’ 

19 Bedford Square, W.C.1. 

R. & L. Limited, 

Grangefield Road, Stanningley, Leeds. 

Rediweld Limited, 

25/27 Kelvin Way, Crawley, Sussex. 

Ridsdale & Co. Ltd., 

Newham Hall, Middlesbrough. Yorks. 

Scientific Supplies C i 

Scientific House, Vine Hill, E.C.1. 

Shandon Scientific Company Ltd., 

6 Cromwell Place, S.W.7. 

Silverson Machine (Sales) Ltd., 

55/57 Tower Bridge Road, S.E. ze 

The Small Power Machine Co 

4 Sunleigh Parade, Alperton, ‘Wembley, Middlesex. 
Instruments 


Southern 
Analytical Instruments Dept ., Frimley Road, Camberley, 


Surrey. 
G. Springham & Co. Lid., 
Harlow New Town, Essex. 
Stanton Instruments be 
119 Oxford Street, W.1. 
Tellus Super Vacuum Cleaner Ltd., 
39 Sheen Lane, Mortlake, S.W.14. 
United Trade Press Ltd. 
9 Gough Square, Fleet Street, E.C.4. 
Winkworth Machinery Ltd., 
65 High Street, Staines. 
A. D. Wood, 
4/5 Skinner Street, E.C.1. 
Worcester Royal Porcelain Co. Ltd., 
30 Curzon Street, W.1. 
X-Lon Products Ltd., 
48 Gillingham Street, S.W.1. 
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Prof. R. W. Douglas lectures on glass as a laboratory material 
(Chairman: Prof. S. Tolansky.) 


I IS difficult to think of a laboratory in which glass 
its forms. Different 
glass; in the 


is not used in one or other of 
laboratories have different 


chemical laboratory most of the apparatus is 


uses for 
made 
from one type of glass, the so-called heat resisting 
borosilicate glass, other glass articles such as desiccators, 
windows and bottles will be of a soda-lime-silica glass, 
made from sodium carbonate, calcium carbonate and 
sand with a few minor constituents 

The borosilicate glass has a lower coefficient of 
expansion than that of the common soda-lime-silica 
glass and it is to this that it Owes its greater resistance 
to a sudden change in temperature But there are, of 
course, many other glass compositions which have their 
special application in the laboratory and in industry; by 
varying the chemical composition of the glass it is 


possible to select, within limits, glasses which have 


particularly useful physical properties for various 


applications For example, glasses containing a large 


amount of lead oxide are used for windows, which at 
the same time as being transparent, absorb high energy 
rays and particles Other glasses may be chosen because 
thev have the ability of resisting the attack of alkaline 
vapours as, for example, the special glass used in the 
interior of the sodium vapour street lighting lamps In 
the optical glass field many interesting new developments 
are taking place using as constituents the more un- 
common elements such as, for example, lanthanum and 
germanium In view of the great variety of apparatus 
which employs glass it is impossible in a brief review to 


do more than touch upon a few topics the emphasis in 
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GLASS 


IN THE LABORATORY 


by 


R. W. Douglas 


Sheffield University 


Professor of Glass Tee hnology, 


this contribution has therefore been placed much more 
on glass in the glass technologist’s laboratory than on 
details of the use of glass in other laboratories. The 
account which follows gives a short introduction to the 
material glass, the vast range of compositions which 
can be employed and at the same time, a few glimpses 
of the physical and chemical problems which face a 
student of glass 
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All these materials have one thing 
have been prepared by the fusing togethe 


of inorganic oxides which has subsequen 


© room temperature where it has t 


properties of a solid and has changed fron 


solid without precipitating crystals 


The Formation of Glasses 
When 
' ’ 


cooled, there iS an instantaneous Change ¢ 


a normal liquid which does 
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i} panied by the dis 
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freezing point usually accon 


change in volume. Thereafter, the coe 


sion 1s smaller than it was 


Must 


vlass it 


} 


liquid ts to forn 


critical temperature sufficient 


formation of crystals. The rate o 
will depend upon the number 
rate of growth of the crystal 1s 


viscosity. All the glasses met 

have high viscosities at the free 

temperature 
The term 


of ‘freezing point when dealing w 


Hquidus tel perature 


th 


composition, for the crystals whicl parate trom the 


liquid will not, in general, have the same compositior 


as that of the liquid the liquidus ter perature being 


detined as the highest temperature at which these 
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STAND NUMBERS 
AND ADDRESSES OF EXHIBITORS 


Aimer Products Limited, 

56/58 Rochester Place, Camden Town, N.W.1. 

Anderman & Company Ltd., 

Battlebridge House, 87/95 Tooley Street, S.E.1. 
Service Co. Ltd. 


Astell Laboratory ‘ 

172 Brownhill Road, Catford, S.E.6. 

w. & R. Balston Lid., 

c/o H. Reove Angel & Co. Ltd., 9 Bridewell Place, E.C.4. 
Barlow-W 


Isopad Limited, 

Barnet By-pass, Boreham Wood, Herts. 
Laboratory & Electrical Engineering Co.., 
Goldsmith Street, Nottingham. > 


Laboratory Equipment (London) Ltd., 
Libra Works, 18-20 Dames Road, E.7. 


‘company Ltd. 
Wolverhampton Road, Wedges Mills, Cannock, Staffs. 
May & Baker Ltd., 


Dagenham, Essex. 
National Research Development Corporation, 
1 Tilney Street, W.1. 
Street, Cambridge. The North of England School Furnishing Co. Ltd., 
Catalin East Mount Road, Darlington. 
Farm Hill Road, Waltham Abbey, Essex. Oxo Limited, 
Communication Systems Limited, 37 Thames House, Queen Street Place, E.C.4. 
c/o Automatic Telephone & Electric Co. Ltd., Publicity Pascall Engineering Co. Ltd., 

Dept., St. Vincent Street, Liverpool, 3. Gatwick Road, Crawley, Sussex. 

& Simms Ltd., The Permutit Company Limited, 

Permutit House, Gunnersbury Avenue, W.4. 
Premier Colloid Millis 


Hersham Trading Estate, Walton-on-Thames, Surrey. 
J. Preston Ltd 
202/208 West Street, Sheffield, |. 
W. R. Prior & Co. Ltd. 
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The Publishers Association, 
Watford Field, ta Herts. 19 Bedford Square, W.C.1. 


Degenhardt & C 
6 Cavendish Square, W.1. R. & L. Enterprises Limited, 
Electrothermal Limited Grangefield Road, Stanningley, Leeds. 
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270 Neville Road, E.7. Rediweld Limited, 
Limited 25/27 Kelvin Way, Crawley, Sussex. 


Elga Products ’ 

Lane End, Bucks. Ridsdale & Co. Ltd., 

Elliot Brothers ( London) Ltd., Newham Hall, Middlesbrough, Yorks. 
Scientific Co. 


Century Works, Lewisham, S.E.13. Supplies Ltd., 
Endecotts (Filters) Limited, Scientific House, Vine Hill. E.C.1. 
Lombard Road, S.W.19. Shandon Scientific Company Ltd., 
Esavian Limited, pms ys a mocks 


185 Tottenham Court Road, W.1. 
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34/36 Somerford oo N.16. 
Ww. G, & Sons, Ltd 4 4 Sunkeigh Parade, Alperton, Webley, Middlesex. 
Exelo Wor remy oR Road, Broadstairs, Kent. Southern Instruments Ltd., 
Flatters & Garnett Analytical Instruments Dept. , Frimley Road, Camberley, 
309 Oxford Road, Manchester, 13. Surrey. 
T. Gerrard & Co. Ltd., G. Springham & Co. Ltd., 
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119 Oxford Street, W.1. 
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Prof. R. W. Douglas lectures on glass as a laboratory material 
(Chairman: Prof. S. Tolansky.) 


I IS difficult to think of a laboratory in which glass 

is not used in one or other of its forms. Different 
laboratories have different glass; in the 
chemical laboratory most of the apparatus is made 
from one type of glass, the so-called heat resisting 
borosilicate glass, other glass articles such as desiccators, 
windows and bottles will be of a soda-lime-silica glass, 
made from sodium carbonate, calcium carbonate and 


uses for 


sand with a few minor constituents 

The borosilicate glass has a lower coefficient of 
expansion than that of the common soda-lime-silica 
glass and it ts to this that it Owes its greater resistance 
to a sudden change in temperature. But there are, of 
course, many other glass compositions which have their 
special application in the laboratory and in industry; by 
varying the chemical composition of the glass it is 
possible to select, within limits, glasses which have 
particularly useful physical properties for various 
applications. For example, glasses containing a large 
amount of lead oxide are used for windows, which at 
the same time as being transparent, absorb high energy 
rays and particles. Other glasses may be chosen because 
they have the ability of resisting the attack of alkaline 
vapours as, for example, the special glass used in the 
interior of the sodium vapour street lighting lamps. In 
the optical glass field many interesting new developments 
are taking place using as constituents the more un- 
common elements such as, for example, lanthanum and 
germanium In view of the great variety of apparatus 
which employs glass it is impossible in a brief review to 
do more than touch upon a few topics; the emphasis in 
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GLASS 


IN THE LABORATORY 


by 


R. W. Douglas 


Professor of Glass Technology, Sheffield University 


this contribution has therefore been placed much more 
on glass in the glass technologist’s laboratory than on 
details of the use of glass in other laboratories. The 
account which follows gives a short introduction to the 
material glass, the vast 
can be employed and at the same time, a few glimpses 
of the physical and chemical problems which face a 


range of Compositions which 


student of glass 
All these materials have one thing in common 
have been prepared by the fusing together of a mixture 


they 


of inorganic oxides which has subsequently been cooled 


to room temperature where it has the mechanical 
properties of a solid and has changed from a liquid to a 


solid without precipitating crystals 


The Formation of Glasses 
When a normal liquid which does not form 
cooled, there is an instantaneous change of state at the 


a glass IS 


freezing point usually accompanied by the discontinuous 


change in volume. Thereafter, the coefficient of expan 
sion is smaller than it was in the liquid state. If a 
liquid is to form a glass it must be cooled through this 
critical temperature sufficiently quickly to prevent the 
formation of crystals. The rate of formation of crystals 
will depend upon the number of nuclei present and the 
rate of growth of the crystal is roughly related to the 
viscosity. All the glasses met with in the laboratory 
have high viscosities at the freezing point or liquidus 
temperature 

The term ‘liquidus temperature must be used instead 
of ‘freezing point’ when dealing with a glass of complex 
composition, for the crystals which separate from the 
liquid will not, in general, have the same composition 
as that of the liquid; the liquidus temperature being 
defined as the highest temperature at which these 
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Fig. 1. (S. P. Jones and 
R. W. Douglas. To be 
published, Physics and 
Chemistry of Glasses, 1960, 
No. 6). Effect on the liquidus 
temperature of the sub- 
stitution of one mole per 
cent of CaO in a soda-lime- 
silica glass by various 
oxides, 








crystals can exist in contact with the liquid. For example, 
when sodium oxide is added to silica the liquidus 
temperature falls rapidly and when 30 per cent of 
sodium oxide has been added the liquidus temperature 
is about 800 C, This material forms a glass which is 
fairly rapidly soluble in water, and in solution it ts 
known as water glass. The substitution of lime for some 
of the sodium oxide improves the resistance of the glass 
to attack by water without raising the liquidus tem 
perature too much, In this way the normal soda-lime- 


silica glass composition of commerce which ts about 75 


per cent silica, 15 per cent soda and 10 per cent lime 


is obtained 

In practice, the increased efficiency of melting furnaces 
has enabled the amount of soda to be reduced and 
several minor constituents are added to improve the 
quality of glass. For example, the addition of a small 
amount of alumina improves the resistance to attack 
by water and the addition of a small amount of magnesia 
lowers the liquidus temperature and makes devitrifica 
tion less likely to occur during the forming of articles 
from the glass The addition of a small amount of 
various oxides to a soda-lime-silica glass has recently 
been studied in Sheffield with interesting results. It is 
found that the amount by which the liquidus tempera 
ture is lowered by any given oxide depends upon the 
size of the metallic ion involved, and also upon the 
number of oxygen ions with which it is normally 
surrounded in crystals (Fig. 1). This behaviour leads to 
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the conclusion that each of these cations when added 
to glass surrounds itself by a fixed number of silicon- 
oxygen groups 

These results are obtained when the amount of added 
oxide is sufficiently small not to alter the type of 
crystal precipitated It is possible to add to glasses 
materials which are themselves precipitated more easily 
than the primary crystalline phase of the parent glass 
For example, if a little of a mixture of cadmium sulphide 
and cadmium selenide is added to the glass mixed 
crystals of these elements can be caused to precipitate 
by heat treatment at a lower temperature than the 
normal liquidus temperature, When precipitated these 
crystals give orange and ruby colours to the glass 
according to the ratio of sulphur to selenium 

rhe recently developed Pyro-Ceram materials can be 
considered as an extension of these two processes in 
combination. By addition to an appropriate glass 
mixture of a nucleating agent the primary phase can be 
caused to grow on nucle: provided by the foreign 
nucleus, and if the composition of the glass is suitably 
chosen, nearly the whole of the material can be con- 
verted from glass to crystal by appropriate heat 
treatment. Thus, it is possible to fabricate articles by 
the normal methods of glass manufacture and then to 
convert the glass article to a ceramic by heat treatment; 
however, some of the glasses used in this process are so 
liquid at high temperatures that special means of 
fabrication have to be adopted 
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Fig. 2. Relation between viscosity and temperature for various 

glasses. (A) soda-lime-silica glass (DD) laboratory borosilicate 

glass (G) and (F) tungsten sealing borosilicate glasses (J) 

mercury vapour resistant glass (H) lead crystal glass (1) 
sodium vapour resistant glass. 


Fig. 3. (After ©. R. Kurk- 
jian and R. W. Douglas 
Physics and Chemistry of 
Glasses, vol. No. 1 page 
19, 1960). Viscosity tem- 
perature relationship: 
(1) SiO (2) GeO>: () 
0: 045Mol", NadoO in 
GeO; (4) 20Mol",, NaoO 
in SiO): 245 Mol”, KO 
in SIO)». 

Note: The intermediate 

sections of curves 3, 4 and 
5 are approximate only. 


scosity (P) 


Log vi 
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Viscosity 

Assuming that the composition of the mixture ts 
appropriately adjusted so that devitrification is avowed, 
a glass forming liquid then continues to cool as a super 
cooled liquid. Below the liquidus temperature its 
viscosity increases rapidly as the temperature falls unl 
the viscosity has become so high that the glass will have 
the normal properties of a solid as defined in the 
elementary way by saying that a solid ts a substance 
which retains its shape 

Commercial glasses are in general made by heating 
the batch mixture in a furnace at temperatures between 
1,400 ©. and 1,500 C. After the reaction ts complete 
and the bubbles have disappeared the temperature of 
the glass ts lowered somewhat so that it ts in the right 
condition for gathering from the furnace for fabrication 
either in a machine or by hand, In hand-working, the 
glass may be made in a pot and the adjustment of 
the temperature done in a time sequence, whereas 
when large automatic machinery us used for fabrication, 
the glass is melted in a tank furnace and the adjustment 
of the temperature is done in space, ic. as the glass 
flows from the melting end through the furnace to the 
working-out end the temperature ts controlled so that 
it varies suitably along the tank to provide glass at the 
right temperature for the machines. As the glass cools 
its viscosity increases rapidly and the art of fabrication 
of a glass article depends therefore upon shaping the 
article and removing the heat from it at the right rate 
so that by the time the processing 1s finished the article 
is just set sufficiently solid to retain its shape, Le. the 
outer lavers is sufficiently high. The 


viscosity of the 


seh 
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article must then be cooled slowly, that ts, annealed, to 
prevent its spontaneous fracture when it reaches room 
temperature 

Examples of the way tn which the viscosity of glass 
varies with temperature are given in Fig. 2. It should be 
noted that the scale of viscosity is logarithmic; some 
idea of the implication of this scale can be given by 
imagining that we could measure the viscosity at a 
temperature where it is equal to 100 poises, that ts, ten 
thousand times greater than the viscosity of water at 
room temperature, by observing the rate of fall of a 
sphere of steel of | mm. diameter through the glass 
This rate would turn out to be about | cm. per second 
If we now could cool this glass until its viscosity was 
10'4 poises then the rate of fall of the sphere would 
in 10! in about 
one million years 

The 
temperature is a very interesting phenomenon which ts 
not yet fully Quite recently it been 
established that the logarithm of the viscosity of the 
simple glasses SiO» and GeO» varies linearly with the 
reciprocal of the absolute temperature, but immediately 


become | cm seconds, which ts | cm 


enormous variation of the viscosity with 


understood has 


the small addition of an oxide such as Na>O ts made, 
the plot is no longer linear but can roughly be described 
by two straight lines (Fig. 3). This is true also of more 
complex glasses It is interesting to note that the effect 
of the various oxides on the viscosity of a soda-lime 
silica glass is quite different when the viscosity is low 
from when it ts high (Figs. 4 and 5). This of course 
enables some adjustment to be made to the shape of a 
viscosity temperature curve by the addition of small 
amounts of these modifying oxides. In addition to the 
oxides already mentioned, boric oxide and fluorine 
particularly are added to lower the viscosity at high 


temperatures and to increase the rate of melting 
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Forming of Glass Articles 

The way in which the viscosity changes with time ts not, 
however, the sole phy sical factor governing the forming 
of glass articles. It is obvious that the rate at which heat 
1s removed is also of first importance At temperatures 
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above 1,000°C. the transmission of heat through glass 
becomes a complex phenomenon because there is a 
contribution to the apparent thermal conductivity which 
arises from the absorption and re-emission of radiation 
within the glass itself. The exact relationship between 
the energy which flows through the glass by this 
mechanism and the temperature involves the spectral 
distribution of the energy emitted by the glass and the 
absorption of the glass as a function of wavelength. A 
simple theory which makes approximations to avoid the 
need for the knowledge of the spectral energy distribu- 
tions, leads to an approximate formula which shows 
that the conductivity varies as the cube of the tempera- 
ture and inversely as the absorption coefficient. Now, it 
is known that small amounts of iron in the glass can 
cause absorption of the near infra-red radiation and 
variations in the amount of this iron and its state of 
oxidation can cause important differences in the 
effective thermal conductivity of glass. Iron is an ever 
present impurity in the raw materials normally used in 
glass manufacture. Even when the iron content is 
reduced below 0-1 per cent this residual amount still 
imparts an undesirable colour to the glass. Fortunately, 
by ensuring that as much of the iron as possible ts 
oxidized, as for example, by the addition of oxidizing 
agents to the batch, the colour caused by the iron can 
be considerably reduced and the residual colour so 
obtained can be neutralized by the addition of a slight 
pink colour obtained by adding a little selenium. This 
is the process known as decolorizing 


Annealing 

On cooling below the temperature at which the viscosity 
is above 10!4 potses, the glass article will have a rigid 
exterior with the inside somewhat hotter because of the 
temperature gradient which exists in the cooling object 
When the article reaches room temperature the inside 
parts will have contracted through a larger range of 
temperature than the outside after the outside had first 
become rigid and the temperature gradient, which 
formerly existed, will now be replaced by a distribution 


of stress. The inside having contracted more, will be 


pulling the outside inwards and so there will be com 


pressive stress on the outside and tensile stresses on the 
inside. This phenomenon is probably familiar to many 
in Rupert Drops and is taken advantage of in the 
manufacture of toughened glass where the cooling ts 
made much more rapid by vigorously blowing air on to 
the outside of the glass sheet which then puts the outer 
layers into very strong compression and, as glass always 
fails in tension, the strong compressive stresses have to 
be neutralized and additional tensile stress added to 
cause the sheet to fracture. These toughened plates are 
thus much stronger than ordinary untreated plates 
Usually, however, it is desirable to remove thé siresses 
as far as possible and this must be done by cooling 
slowly so that the temperaiure gradient in the body ts 
kept as small as possible and thus the resulting eventual 
Stress gradient is kept small This is the process known 
as annealing 
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The Strength of Glass 

Even well anealed glass is, as we all know, brittle. This 
is a subject which is receiving much study at the present 
time. There are various ways of estimating the 
theoretical strength of glass which all lead to estimates 
of the order of one million pounds per square inch, 
whereas the strength measured on massive glass ts of the 
order of forty thousand pounds per square inch. This 
large discrepancy between the practical and theoretical 
strength is usually attributable to the presence of 
microscopic flaws on the surface which act as stress 
magnifiers. The nature of these so-called Griffith flaws 
is still a mystery. There is no doubt of the very great 
importance of the state of the surface of glass on its 
strength, By careful manufacture of glass fibres strengths 
of the order of five hundred thousand pounds per 
square inch can be realized. Even in thick articles 
strengths of the order of two hundred thousand pounds 
per square inch can be obtained by treatment with 
certain etching solutions. After removal of about 1/20 
mm, in this way very strong articles can be obtained 
There is as yet, no way in which such strengthening 
treatments have been put to practical uses. One great 
difficulty is that if such strong surfaces are allowed to 
touch one another their strength is reduced to the 
original normal value and so at the present time about 
twenty thousand pounds per square inch must be 
accepted as the practical strength of glass 


Thermal Endurance of Glass 
In the laboratory glass is subjected to thermal shock 
and the most dangerous thermal shock ts that in which 
the outside of a hot object ts cooled by plunging into 
Here the 
which 


the cold liquid circumstances are 
different from 
discussing the problem of annealing because now all 


The 


Stresses set up will therefore be temporary ones which 


quite 


those were considered when 


the glass is in the rigid condition the whole time 


arise from the fact that when the temperature gradient 
is established in the glass, as by cooling rapidly the 
outside, the outside layers wish to contract and are 
prevented from doing so by the rigid inside, thus 
causing tensile stresses, dangerous ones, on the outside 

The magnitude of these stresses clearly depends upon 
the amount of contraction which accompanies the 
change in temperature and it ts not surprising therefore 
that there 1s a rough correlation between the reciprocal 
of the coeflicrent of expansion and the temperature 
difference which standard glass articles will withstand 
This is made use of in practice in borosilicate heat 
resisting glasses which have a coefficient of expansion 
of about one-third of the normal soda-lime-silica glass 
and are thus much better able to withstand the sudden 
changes in temperature. Ideally, fused silica would be 
the best heat resisting glass, but its high melting point 
difficulty of 


makes its cost prohibitive for general use 


and the fabricating apparatus from it 


Ihe commer 
from the 


cial glasses can be regarded as resulting 


addition of fluxes of one kind or another to the silica 


in order to make large scale production at a reasonable 
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cost possible. It is easy to lower the melting point by 
many hundreds of degrees by the addition of sodium 
oxide. Adding too much sodium oxide will give a glass 
with a high coefficient of expansion and a low resistance 
to thermal shock; it will also lower the resistance to 
attack by water and other reagents, a complex term 
often described collectively in the title ‘chemical 
durability’. By adding lime the resistance to chemical 
attack is much reduced. These two questions of reducing 
the melting point as far as possible and at the same time 
keeping the glass reasonably durable lead inevitably in 
the soda-lime-silica glass to compositions about 75 
silica, 10 lime and 15 soda. A composition which 
certainly was known to the Romans and which has 
been modified only in the last 70 years or so, chiefly, by 
the reduction of the sodium oxide content still further 
as the efficiency of furnaces increased, and also by the 
addition of minor ingredients which have desirable 
properties as, for example, decreasing the likelihood of 
devitrification and changing somewhat the shape of the 
viscosity temperature curve. 


Durability of Glass 

It is customary to talk about the resistance of a glass to 
attack by water and other reagents under the general 
heading ‘The Chemical Durability of a Glass’, but this 
heading really covers a very complex set of phenomena; 
different glasses reacting to different reagents in different 
ways. A glass which is particularly resistant to acid 
compared with other glasses may turn out to be one of 
the least resistant to alkalis. With laboratory boro- 
silicate glasses problems of durability appear to be rare 
but in the same system of glasses it is possible to move 
into a region of composition where a very pronounced 
reaction will occur with water or hydrochloric acid. 
Glass in this range of composition when given suitable 
heat treatment appears to separate on a micro-scale 
into two phases consisting of silica and a mixture of 
Na 2O and B2O3. After this heat treatment and separa- 
tion of the phases it is possible by treatment with 
hydrochloric acid to remove the Na2»O and B2O; 
leaving behind a skeleton consisting almost entirely of 
silica. A further heat treatment will cause this skeleton 
to contract and eventually a clear article about two- 
thirds the size of the original article can be obtained 
which contains approximately 96 per cent silica, 0-5 
Na.2O and the remainder BO. This is a commercial 
process which provides a way of producing very low 
expansion glass articles which are intermediate in cost 
between that of the borosilicate glass and pure fused 
silica, the ware so produced is called *“Vycor’. 

In the soda-lime-silica system the first stages of 
reaction with water appear to be an ionic exchange 
whereby ions from the water exchange places with 
sodium ions in the glass, and to a rough approximation 
the durability of such glasses varies with the sodium 
oxide content. The situation is, however, more com- 
plicated than this; the ion exchange reaction which 
involves the diffusion of sodium ions out of the glass is 
controlled by the rate of diffusion of these ions or the 
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rate of diffusion of the replacing ions from the water, 
and this being so, the amount of reaction varies with 
the square root of time. However, if the reaction is 
continued for a long time this regime breaks down and 
the rate of reaction accelerates and becomes proportional 
to the time. In potassium oxide-lime-silica glass the 
second reaction takes over very quickly and indeed the 
diffusion controlled reaction has not been clearly isolat- 
ed from the reaction which varies linearly with time. 
These are new results which are quoted to emphasize 
the complexity of this problem of durability. Fortunately 
such problems rarely arise today in practice owing to 
the decrease of the sodium oxide content of soda-lime- 
silica glasses and the inertness of the borosilicate glasses. 
If such problems do arise in practice it is often necessary 
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Fig. 6. (After T. Bates and R. W. Douglas, J.S.G.T., 43, 289, 

1959). Transmission curves for solutions of Cr’+ in sulphuric 
acid water mixtures. 
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Fig. 7. (After T. Bates and R. W. Douglas, J.S.G.T., 43, 289, 

1959). Comparison of the absorption curves of Cr+ in a 

soda-lime-silica glass and an 80 per cent sulphuric acid 20 
per cent water solution. 


to tackle the problemi as one particular to the process 
involved. 


Optical Glasses 

It was the requirements of the lens designer which 
initiated the development of new glass compositions 
which has proceeded during the last 70 years and which 
gave the impetus to the study of the properties of glasses 
as a function of their chemical composition. These 
developments began with the work of Abbe and Schott 
at Jena. At that time only two glasses were available to 
the lens designer—the soda-lime-silica glass (crown) and 
a glass containing about 32 per cent lead, 13 per cent 
potash and 55 per cent silica (flint) which is familiar in 
the home as the glass from which high quality tableware 
is made. Because of its high content of lead this glass 
has a high refractive index which gives it its lively 
sparkle, especially when cut into numerous facets. In 
order to make an achromatic doublet it is necessary 
that the refractive indices of the glasses used shall vary 
in different ways with wavelengths, i.e. that they shall 

nF n¢ 
have a different dispersion which is defined as 
ap l 

where "F, C, D are the refractive indices for the F, C and 
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D lines of the solar spectrum. For a long time it was 
found that the dispersion varied uniformerly with the 
refractive index and it is only in recent years that new 
glasses have been developed in which the dispersion is 
related in a different way with the refractive index. 
These glasses contain interesting new components such 
as the oxides of lanthanum and thorium. 

In another field a demand has grown up for glasses 
which are transparent to infra-red radiation. There are 
two problems here. One is that all glasses contain a 
small amount of water which has strong absorption 
bands in the near infra-red. The water can be removed 
by special treatment, but the wavelength on which infra- 
red absorption begins is still around four microns for 
normal glasses. 

Glasses in which most of the silica has been replaced 
by calcium oxide and alumina enable this limit to be 
pushed out another micron or so, and the best oxide 
glass is one which contains no silica but instead con- 
tained large amounts of tellurim dioxide. The absorp- 
tions which occur in the infra-red correspond to the 
natural frequency of vibrations of the atoms under the 
interatomic forces and it is inevitable that as the 
transmission limit in a given glass forming system is 
pushed further out the viscosity of the glass is reduced 
at any given temperature The best infra-red trans- 
mission glasses are based on arsenic trisulphide and 
although these glasses transmit to about I2y their 
annealing point is 150° as compared with 550 for 
normal soda-lime-silica glasses 


Colours of Glasses 

The two methods of obtaining coloured glasses have 
been mentioned already. The first of these comprises 
the so-called precipitation colours which are obtained 
by arranging the composition and heat treatment so 
that small quantities of coloured crystals are precipitated 
in the glass. The cadmium-selenium ruby is an example 
of a precipitation colour. The other type of colours is 
that of the solution colours which are strictly analogous 
to the colours found in aqueous solutions. As ts well 
known, ions of the elements from vanadium to copper 
all give coloured salts or solutions. These are the ions 
which have an incomplete d-shell of electrons, and the 
colours are due to the movement of electrons between 
the available levels in these d-shells. These levels are 
modified by the presence of the solvent ions as can be 
is dissolved in 


seen for example when the Cr>" ion 


solutions of water and sulphuric acid. As the sulphuric 
acid is added to the water the absorption bands move 
progressively to the red end of the spectrum (Fig. 6). I 
is possible by taking a solution of about 80 per cent 
sulphuric acid to match very closely indeed the absorp 
the the 


glasses (Fig 7) particularly 


Same ions in soda-lime-silica 


This is a 


tion curve of 
interesting 
observation because these absorption curves can be 
discussed theoretically in terms of the ligand field theory 
This leads to the conclusion that in a glass the Cr?" ion 


is surrounded by six oxygen atoms 
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COMPLEXOMETRIC ANALYSIS 
by J. A. R. Genge, M.Sc., A.R.LC. 


Battersea ollege 


AND INDIRECT TITRATIONS 


Part II—DIRECT 


N PART I, an outline was given of the theoretical 

basis of complexometric analysis and of the scope and 
limitations of the method. No practical details were 
included however and it is proposed, in this article, to 
give the practical procedures for the direct and in- 
direct titrations of metal ions with ethylenediaminetetra- 
D.T.A.). Theease with whichsuch titrations 
varies enormously with the metal 


aceticacid(t 
can be carried out 
itself, with the other ions present in the solution and 
with the physical conditions and it is hoped to give 
some idea of the difficulties to be expected with any 
given titration and, where possible, of the methods 
available for overcoming these 

Although the free acid, which is not hygroscopic and 
crystallization is, in some ways, a 
better primary standard, the more soluble disodium 
salt (NazY.2H2O Mol. Wt 372-2) is 
venient. Its use as a primary standard has been discussed 
by Blaedel and Knight (1954). It is obtainable as a pure 
material but has to be dried at 70-80 C. because above 
this temperature it begins to lose water of crystallization 
Alternatively the E.D.T.A. solution may be standardized 


with a metal, zinc being very suitable. It is important 


has no water of 


more con- 


to use pure water (preferably deionized or redistilled) 
and the standard solutions should be stored in hard 
better, polythene bottles. With precautions, 
these solutions can be stored indefinitely 

As an example of the direct titration technique, 
details are given in Experiment | for the estimation of 
zine at pH 10 using Eriochrome Black T indicator 


glass or, 


Experiment I 
Reagents 
Standard E.D.T.A. solution 
Buffer solution for pH 10-7 g. ammonium chloride 
dissolved in 57 ml. 0-880 ammonia and made up 
to 100 ml. with water 
Eriochrome Black T solution—0-05 g 
indicator dissolved in 25 ml. water made alkaline 
with a few drops of ammonia 


approximately 0-01 M 


of the solid 


Procedure 
Ammonia is added to an aliquot of the zinc solution 
until it is alkaline using methyl red indicator. The 
final pale yellow colour does not interfere with the 
colour end-point of the titration. Five ml. of the 
buffer solution is added and followed by a few 
drops of the Eriochrome indicator, sufficient to 
give a distinct but pale wine red coloration The 
titration is then carried out with the standard 
E.D.T.A. solution until the colour changes to a 
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pure blue. If the conditions are correct, this colour 
change ts very sharp 


It is very important that only pure analytical grade 
reagents and good quality water are used at all stages in 
the titration, particularly if very dilute solutions are 
being used. The above experiment uses 0-01 M solutions 
but there is, however, no reason why these titrations 
cannot be carried 
for example 0-1 M. The calculation offers no difficulties 
The E.D.T.A. forms a 1:1 complex with all metals and 
one mole of reagent ts equivalent to one mole of metal 

The simple direct titration technique may be used 


with more concentrated solutions, 


with a wide range of metals but there are some import- 
While most polyvalent metals form 
all of them are formed 
Taube (1953) has 


ant restrictions 


complexes with E.D.T.A., not 
rapidly enough for a direct titration 
shown how the rate of complex formation and the 
stability depends on the electronic configuration of the 
With metals which do not form complexes 
carry out an indirect 


metal 
instantly, it is best 
titration but sometimes the difficulty may be overcome 


usually to 
by titrating at a higher temperature or in a partially 
ethanolic solution 

The other main 
titrations ts that the metal must be soluble at the required 
pH. In general, the stability of complexes increases with 
an increase in pH and many metals, particularly the 
divalent ones, only form complexes and can be titrated 
only under alkaline Some of these, for 
example the alkaline earth metals, are soluble but 
Sometimes the 


restriction to the use of direct 


conditions 


many others precipitate hydroxides 
metal can be held in solution as a weak complex as in 
the case of copper w hich can be dissolved easily as the 
ammonium complex. When this is not possible an 
indirect titration has to be used 

The subject of metal indicators in these titrations has 
been reviewed by Barnard, Broad and Flashka (1956 
and 1957). A wide range is available commercially and 
new ones are being suggested frequently, the trend 
being to develop new indicators which will give a sharp 
end-point with a few or even only one metal. Lists of 
indicators will be found in the bibliography quoted in 
Part I and in chemical catalogues. While many, such as 
the Eriochromes and methylthymol blue are used at pH 
10 or higher, some such as PAN (1-2-pyridylazo-2- 
naphthol) and derivatives and dithizone are used over 
the pH range 4 to 6 and yet others, such as pyrocatecho! 
violet are used at pH 2 to 3. Thus the use of another 
indicator often provides the answer to the difficulty of 
keeping the metal in solution at high pH but, as might 
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be expected, titrations at lower pH values are applicable 
only to-ter- and tetra-valent metals 

Almost all of these compounds are also pH colour 
indicators and sometimes advantage can be taken of 
this when adjusting the pH of the solution. This tech- 
nique is used in Experiment 2, which describes the 
estimation of bismuth by a direct titration at pH 2-5 
using pyrocatechol violet indicator 


Experiment 2 
Reagents 
Standard E.D.T.A. solution—approximately 0-01 M 
Pyrocatechol Violet solution—O-! g. of the 
indicator dissolved in 100 ml. water 


solid 


Prov edure 

A few drops of the indicator solution are added to 
an aliquot of the bismuth solution and the acidity 
adjusted with dilute nitric acid or ammonia to pH 
2 to 3. The correct pH is indicated by the appear 
ance of a blue colour. If, as is most likely in this 
case, the acidity is too high initially, the solution 
will be violet. The titration is then carried out with 
the standardized E.D.T.A. until the colour changes 
to yellow. The end-point is very sharp and ts 
preceded by a transient purple colour 


Experiments | and 2 are typical of direct titrations and 
the procedure is much the same in all the other cases, 
the difference being in the indicator and hence in the 
pH and in the corresponding buffer solution. All 


be carried out 
indirect of 


determinations which can by a direct 
titration can also be done by an back 
titration and if the rate of complex formation ts slow or 
there is any difficulty in keeping the metal in solution, 
the latter procedure 1s to be preferred. Also, if there ts 
no indicator available for the metal or the end-point ts 
unsatisfactory, an indirect titration may overcome the 
difficulty 

In Experiment 3 practical details are given for the 
determination of nickel by addition of excess standard 
E.D.T.A. and back titrating with a standard copper 
solution at pH S$ using PAN indicator. A direct Utration 
is not possible in this case as the nickel E.D.T.A 


complex ts formed slowly 


Experiment 3 
Reagents 
Standard E.D.T.A 
Standard copper solution 
The copper solution may be standardized by a 


with the E.D.T.A PAN 


solution — approximately 0-Ol M 


approximately O-Ol M 

direct titration using 
indicator ‘ 

PAN solution —0:1 g. of the solid indicator dissolved 
in 100 ml. ethanol 

Butler solution pH 5-3 g 
water with 6 ml. N HCl and made up to 100 ml 


sodium acetate dissolved in 


> 
Procedure 


At least twice the volume of E.D.T.A 


required for 
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complete complexing ts added to an aliquot of the 
nickel solution and, if necessary, the pH ts adjusted 
to approximately S with dilute nitric acid of 
ammonia using a little universal indicator to show 
the correct pH. Five ml. of the buffer solution ts 
then added followed by a few drops of the PAN 
indicator and the solution at this stage will be 
yellow. The excess E.D.T.A. is back titrated with 
the copper with a colour change to violet at the 


end-point 


Various precautions may be taken to ensure complete 
formation of the metal—E.D.T.A. complex, If difficulty 
is expected, it ts best to warm the mixed solutions for a 
few minutes before adjusting the pH and it is wise 
always to add a large excess of E.D.T.A. to favour 
complex formation 

Many of the indicators and their metal complexes 
are insoluble in water and the titration has to be carried 
out in alcohol or alcohol-water mixtures. Normally 
methanol, ethanol or may be used. As an 
example, details are given in Experiment 4 for the 
determination of aluminium. Basically it ts a back 
titration similar to Experiment 3 but dithizone indicator 


mixtures 


is used and the final titration ts carried out in a SO per 
cent alcohol-water mixture 


Experiment 4 
Re agents 
Standard | 
Standard 
001M 
a direct 
Experiment | 
Dithizone 
dissolved in 100 mi 
Buffer solution pH 4°5-—-5-7 g 


solution 


DTA 


sulphate 


approximately 0-01 M 
zinc solution 
The zinc solution may be standardized by 


D.T.A. as described 


approximately 


titration with I 


solution—0.025 g. of the solid indicator 
ethanol 
glacial acetic acid ; 


| | 


fg. ammonium acetate dissolved anc 


to 100 ml. with water 


Procedure 


At least twice the volume of I { 


D.T.A. required for 
complete complexing ts added to an 
aluminium and. the 

about 90 C. for a few 
pH is adjusted to 4 to § by the addition of dilute 


iliquot of the 


solutions heated to 


mixed 


minutes. After cooling the 


mitric acid or ammonia using a minimum guantit 


of universal indicator to show the correct pH 


ml. of the buffer solution is then added, fol 


rowed 
suthcient alcohol to make the final solution a SO 
per cent water-alcohol mixture. About 2 mil. of the 


t 
100 mi. tota 


; 
indicator volume 


is added for every 
and the solution has a greenish-vellow colour. The 
excess E.D.T.A. ts titrated with the 


intil the colour changes to red. If conditiens are 


Standard c 


correct, the colour change shart 


One advantage of the back titration technique ts 
the accuracy may be improved by obtaining a 
first 


value from several end points The nd-pomt is 
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obtained, a little standard E.D.T.A. is added from a 
second burette, then metal solution to a new end-point 
and so on. 

Another method of overcoming the disadvantages of 
the direct titration is by using a replacement reaction. 
In this, instead of E.D.T.A. itself being added to the 
metal solution, a relatively weak metal—E.D.T.A. 
complex is added, the metal being chosen as one which 
gives a good end-point. For example, an excess of 
magnesium—E.D.T.A. may be added to a metal 
solution. 

M*" + MgY2- — MY®-4)° Mg?" 

The metal displaces the magnesium from its relatively 
weak complex and the equivalent magnesium is then 
titrated. This is extremely useful in many cases where 
complex formation is slow. The method can also be 
used in cases where complex formation is fast enough 
but a good end-point cannot be obtained. For this, it is 
not necessary to add excess magnesium but merely 
sufficient to ensure a good end-point, a technique 
known as partial replacement titrations. Details are 
given in Experiment 5 for the titration of barium with a 
partial replacement technique using magnesium. The 
barium which does not give a good end-point is com- 
plexed first followed by the magnesium which gives a 
good end-point 


Experiment 5 
Reagents 
Standard E.D.T.A. solution 
Standard magnesium solution 
M = 
Buffer solution pH 10 
Eriochrome Black T solution 


approximately 0-01 M. 
approximately 0-01 


as in Experiment 1. 
as in Experiment | 


Procedure 

Five ml. of the standard magnesium solution is added 
to an aliquot of the barium solution and the pH 
adjusted to approximately 10. Five ml. of the buffer 
solution and a few drops of indicator are then 
added. The solution is titrated with the standard 
E.D.T.A. until the colour changes from violet to 
blue. The end-point may be improved if the 
solution is warmed to about 60°C. but too high 
temperatures or too prolonged heating will cause 
breakdown of the indicator 


The E.D.T.A. added is equivalent to the sum of barium 
plus magnesium of which the magnesium is known. For 
total replacement reactions it is necessary to use a 
standard magnesium—E.D.T.A. solution. This can be 
prepared conveniently by titrating a 0:1 M. E.D.T.A. 
solution with magnesium. For total replacement 
titrations, the exact strength need not be known as 
long as an excess is added 

The experiments quoted have been selected as being 
typical and it is possible to analyse almost all of the 
metals in the periodic table by one or other of these 
methods. Some precautions have to be taken for all of 
the experiments. If other complexing anions which 
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would compete with the E.D.T.A. are present, they 
must be destroyed or removed. For example, phosphates 
will interfere but can be removed usually by anion 
exchange. In any E.D.T.A. titration it is essential to have 
the right order of stabilities of the various complexes. 
Thus the metal—indicator complex must be stronger 
than any hydroxy complexes but must be weaker than 
the metal—E.D.T.A. complex. Some metals form 
exceptionally strong complexes with some indicators 
and trace amounts of the metal in such cases can ruin 
an end-point. The difficulty can be overcome by adding 
a few drops of an even stronger complexing agent to 
mask the metal. For example triethanolamine will mask 
aluminium in this way. 

End-points are usually better if the total ionic con- 
centration in the solution is low and very often a poor 
end-point can be improved by merely adding water 
For this reason, excess buffer solution should be 
avoided. Pale colours are preferable to deep ones and 
very little indicator is required. Aqueous solutions of 
these indicators are usually unstable and will last for a 
few days only. It is best to prepare fresh solutions or to 
add the solid indicator. If the solid is used, it can be 
diluted with sodium chloride to make addition of the 
correct amount easier 
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The Polarographic Society 


The Polarographic Society now has a permanent address 
for mail; enquiries concerning the Society should be 
addressed to 
The Polarographic Society, 
c o Lloyds Bank Limited, 
36 High Street, 
Wealdstone, 
Middlesex 
A meeting is to be held at Wolverhampton Technical 
College on Wednesday, September 21, 1960 at 2.30 p.m., 
when the subject will be ‘The Application of Polarography 
in Metallurgical Analysis’. Further details concerning the 
meeting may be obtained from R. C. Rooney, Esq., British 
Cast Iron Research Association, Bordesley Hall, Alvechurch, 
Birmingham 


Appointment of Officers 


At the Annual General Meeting of the Association of 
Public Analysts held at Chester on May 14, 1960, the 
following were elected as Officers of the Association for the 
ensuing year 

President Dr. J. H. Hamence 

Vice-President Mr. D. D. Moir 

Past Presidents Mr. F. C. Bullock 

(serving on the Council) Mr. H. E. Monk 

Mr. J. G. Sherratt 
Mr. R. C. Spalding 
Wood 
Lyne 


H. Button 


Honorary Treasurer 

Honorary Editor Dr. E.¢ 

Honorary Secretary Mr. F. A 

Asst. Honorary Secretary Mr. D. } 
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APPARATUS & DEVICES 


A MODIFIED TANK FOR PAPER ELECTROPHORESIS 


by D. A. 


Osborn 


Department of Pathology, Institute of Laryngology and Otology, University of London 


HE soaking of the strip in buffer prior to applica- 
tion of material for analysis has always been a major 
problem which has not been lessened with the introduc- 
tion of cellulose acetate membrane. Many workers, 
perhaps the majority, soak their strips in buffer prior to 
insertion in the tank, removing the excess by gentle 
blotting. With such a technique the achievement of an 
even distribution of buffer, so essential to the production 
of good ionograms, is obviously dependent on the 
combination of skill and chance and evaporation is 
difficult to control. Loss of water from this cause leads 
to a concentration gradient of electrolyte across the 
strip, being highest at the edges with consequent 
reduction in the volts per centimetre in this region. The 
result is a progressive increase in curvature of the 
migrating band of material. Some workers prefer to 
place their strips dry in the apparatus and allow 
soaking to take place by capillarity until equilibrium is 
reached. In all the conventional tanks the atmosphere is 
never saturated with water vapour at the commence- 
ment of soaking and hence water loss due to evaporation 
still occurs even before electromigration. With cellulose 
acetate membrane the effect of such conditions is 
particularly marked and Kohn (1957) minimized this by 
covering the under surface of the lid of his tank with 
“Wettex’ which was kept permanently moist 
The apparatus described here provides for the soaking 
of the strips in situ in a pre-saturated atmosphere. It 
also incorporates a simple method of maintaining 
tension on the strips, and retains relative cheapness and 
simplicity of construction within the scope of the 


average worker. The dry strips, either filter paper or 
cellulose acetate membrane, can be easily inserted and 
removed. The rigid glass top forms a stable platform 
for the jig used in the micrometer method of application 
described by Osborn and Bawden (1959) 

Constructed in Perspex (Fig. 1), the tank is designed 
to take six strips 2-5 by approximately 20 cm., placed 
horizontally. The platinum electrodes (approximately 
3 x 4 x 4/1000 in.) are housed in separate compartments 
(A in Fig. 2), connected with the strip compartments 
(B) by removable buffer/agar bridges (C), and the 
central portion of the tank is raised to reduce the air 
space. All four buffer compartments are provided with 
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drainage holes controlled by stopcocks (D,E,F and G) 
These serve not only for emptying and cleaning, but in 
addition, those from the strip compartments are con- 
nected through a Y-piece to a reservoir thus enabling 
the level in these compartments to be raised or lowered 
at will. Internally, the same two compartments are 
connected by a capillary siphon tube (H) above which a 
removable platform (1) carrying ‘knife-edges’ supports 
the strips. A double ‘knife-edge’ (J) supports the strip 
in the region where material is applied, to ensure that 
the strip is completely flat at this point. Contact be- 
tween strip and buffer is by means of a separate filter 
paper wick of the same width secured to the ends of the 
strip by one inch bulldog’ clips (K). The wicks (L) pass 
downwards through a narrow gap in the detachable 
roof (M) of the buffer compartment (B), and the clips 
are secured at one end to an adjustable hook (N) in the 
end wall of the tank and at the other by means of a 
thread (O) passing through a fine hole in the wall to an 
external weight of 60 g. The lid consists of approximately 
‘20 oz.’ sheet glass in two sections (P and Q) with un- 
bevelled edges. When placed together on top of the 
tank the junction lies over the region where material 
will be applied to the strips and is normally sealed by 
Sellotape. The under surface of both sections is covered 
by ‘Wettex’ cloth (R) and similar material lies between 
the *knife-edges’ of the removable platform* Jp¢cloth 
The lid is clamped against 
arge 


is kept permanently moist 
an external rim of sponge rubber (S) by means of 


‘bulldog’ clips 


* More recent experience has shown that Wettex below the strip is not es 


sential, but if used it should be kept well clear of the knife edges which 


hould be smeared with silicone grease to prevent an electrical leak 


Operation of the tank is simple. The level of buffer 
in the stiip compartments (B) is lowered by means of 
the reservoir, then the dry strips previously assembled 
with their wicks and clips are placed in the tank under 
tension but with the wicks not in contact with the 
buffer compartment contents. The lid is placed in 
position and clamped down. After one and a half to 
two hours, during which the atmosphere in the tank 
becomes saturated with water vapour, the level of buffer 
is raised again and the taps E and F closed. The greater 
part of the wicks is now covered and the strips become 
evenly soaked by buffer from either end, the time taken 
for equilibrium to be established depending on the 
nature of the strips. With 3MM _ paper three hours is 
sufficient but with cellulose acetate membrane 15 hours 
or overnight soaking is necessary. Because of the 
shorter period of electromigration with cellulose acetate 
membrane, the total time is about the same for both 
types of str ips. The strips are now ready for application 
which is carried out by removing the Sellotape from the 
lid and sliding the smaller section a few millimetres to 
give access to the strips. During the operation the 
greater part of the gap is covered by wet filter paper. As 
soon as application is complete the section is slid back 
into place again and the Sellotape replaced. After 
electromigration the strips are removed from the tank 
by their clips and when these are released the wet wicks 
automatically fall away leaving the strip ready for 


fixation and subsequent processing 
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PLASTIC FILMS AND MOULD GROWTH 


by L. D. Galloway 


T is well known that the various 

types of plastic films now available 2 
differ widely in their transmission of 
moisture vapour and of gases such as 
oxygen and carbon dioxide 


In selecting packaging materials — 
these differences must be borne in 
mind. Too high a moisture trans- 
mission may cause loss in weight of 
the packaged product. On the other 
hand, a /oose wrapping of moisture- 
proof material (such as those used 
for certain ‘rindless’ cheese) leads to 
surface condensation and a high 
humidity which encourages mould 
growth 


One might expect that a closel; 
fitting moisture-proof wrapping 
would check both moisture loss and 
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mould growth; the accompany ing photograph indicates 
that this is not necessarily so. To prevent growth of 
mould on the surface, even of a material in close and 
continuous contact with the film, it is necessary to use a 
film that is reasonably air-proof. 

The two small bags illustrated are of polythene and 
cellulose/polythene respectively. They are partly filled 


with a nutrient jelly containing 2 per cent agar and 
inoculated with mould spores. In the head space of the 
bags growth and sporing of the mould occur normally. 


No growth has occurred on that part of the gel in contact 
with the laminated film. But with the polythene film 
allowing some oxygen transmission—a white skin of 
fungal mycelium covers this surface; sporing heads do 
not develop, either because the air supply is limited or 
because their formation is prevented mechanically 

This ability of mould fungi to grow at a film/nutrient 
interface does not appear to have attracted attention, 
and therefore seems worthy of photographic record 


A NEW pH METER CELL ASSEMBLY 
by P. Bamford 


Imperial Chemical Industries Limited, Akers Research Laboratories, 


T is often necessary in laboratory routines to adjust 

the pH of a large number of smal! aqueous samples 
to a standard value. This operation is somewhat tedious 
with conventional pH meter cells such as the Morton 
cell. This note describes an inexpensive apparatus which 
simplifies and speeds up this kind of procedure 

The cell is a glass cylinder fitted with a tap at the 
bottom, and a filling funnel at the side. A short rubber 
bung carries a glass electrode, a calomel electrode in a 
KCI reservoir with sintered glass plug, a thermometer 
and four glass capillaries conveying the necessary 
reagents (Figs. | and 2) 

This assembly is mounted on a vertical slotted bar 
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Welwyn, Herts 


pivoted at its upper end. In the slot slides a small ball 
race which ts attached eccentrically to a wheel driven by 
a low voltage electric motor. This runs from a battery 
charger normally used to recharge batteries for a 12 
volt Cambridge bench type meter. (Any small electric 
motor can, however, be 


used, as no interference has 


LABORATORY PRACTICE 





been experienced even with mains equipment). The 
motor is controlled by a push-on, push-off switch, and 
a small resistance in series brings the speed down to 
c. 130 oscillations per minute. The cell can be used for 
samples of 6 to 20 ml. The rubber tubes to the capil- 
laries are constricted by a screw-clamp so that reagent 
is added from the stock bottles drop-wise when the 
controlling stopcocks are opened 

In use, the pH meter is standardized in the normal 


way, the test solution then poured in and its pH read; 
with the shaker running, the appropriate reagent is run 
in until the desired pH is reached. The shaker is stopped 
and after the test solution is run off, the cell is washed 
in preparation for the next sample. 


ACKNOWLEDGMENT.—The help of Mr. S. Barton in the 
construction of the equipment is gratefully acknowledged 


A SIMPLE TEST FOR EFFICIENCY OF PACKS 
FOR FOODSTUFFS 
by W. G. Wearmouth 


Liaison Unit, National Institute for Research in Dairying, Shinfield, Berks 


| N recent years there have been considerable develop- 
ments in the packaging of foodstuffs in flexible 
packaging materials such as polythene, laminates of 
cellulose with various plastic films, and so on. In many 
cases, as for example in the packaging of dairy products, 
the film used must have an extremely low oxygen 
permeability so that spoilage of the foodstuff due to 
oxidation effects can be reduced to a minimum. Such 
permeability characteristics of the films can be measured 
with a fair degree of accuracy to enable a sound choice 
of film to be made. 

In addition, however, once the film has been selected 
in this manner it must be possible to seal the film 
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completely around the portion of the foodstuff to be 
packed. If this is not done successfully, air will leak 
through the gaps in the seals (whether these be metal 
seals or the more conventional heat seals) and the 
finished pack will be useless. In some cases (the so- 
called vacuum packs) it is Customary to remove much 
of the residual air in the pack before the final sealing is 
carried out. The resultant pack, being under a partial 
vacuum, rapidly allows air to pass through any leaks or 
pin holes in the seals of the pack. 

A simple non-destructive test has been devised by 
which such faults in the sealing and also faults (such as 
pin holes) in the film can be rapidly spotted in the 
freshly prepared pack. The finished pack is immersed in 
distilled water contained in the lower half of a vacuum 
desiccator; a weight is attached to the pack by a piece 
of string to prevent the pack from floating, the lid of 
the desiccator replaced and the apparatus is then 
attached to a high vacuum pump. After the vacuum has 
been applied for a minute or soa stream of air bubbles 
will be seen coming from any weak spots in the seals or 
any accidental flaws in the actual film used for making 
the pack. 

This test is most effective for locating faults in sealing 
techniques. It is also valuable for proving the efficiency 
of the packing before test packs are put aside for long 
Storage trials. A rough diagram, not to scale, in Fig. | 
illustrates the type of apparatus used 





APPARATUS AND DEVICES 
It is evident from letters received that the Apparatus 
and Devices Section of Laboratory Practice arouses 
considerable interest. We should like to point out that 
we are at all times pleased to receive from readers 
notes, however short or simple, for inclusion in this 
section. 
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BOOK REVIEWS 


Zone Refining and Allied Techniques, by N. | 
M.I.Mech.E., F.1.M. London: George Newnes 
1960. 40s. pp. 184 XVI. 

This book sets out to review the technique of zone 

refining and to outline practical methods associated 

with this and allied processes. The second function is 
performed with credit 

One senses that the author felt he must provide some 
theoretical background and this he stretches into the 
first 17 pages, by virtue of much repetition of the 
principles of equilibrium in metallic alloys and the 
mechanisms of solidification. The practical aspects 
occupy Chapters 3 to 8, 90 per cent of the book, and are 
very well presented. The illustrations are detailed, the 
plates beautifully reproduced, and the wealth of 
information makes this book invaluable for the 
practical man. There is still a tendency for repetition, 
even in these later chapters, and the author leaves little 
to the imagination by including everything. Forexample, 

Fig. 20 shows some cross sections of containment 

vessels, and includes a circle, a square, a rectangle, a 





Parr, 


Ltd., 


U-shape, a V-shape, an annulus, and combinations of 


these. | would have expected any scientific assistant to 
be capable of working this out for himself 

Jecasionally the author has extended the title of his 
book, as in Chapters 7 and 8, on the examination, 
properties and application of high purity materials. By 
definition, a book of this size can only present a very 


sketchy outline of these aspects, and hence the references 


are few and not sufficiently representative. Fig. 112, for 
example, a vacuum extensometer, is a complex method 
of achieving an objective and only one among many 
possibilities. 

However, the presentation of zone refining and single 
crystal techniques is admirable, and | consider the 
price quite reasonable for those who may be involved 
in this field of work.—c. R. TOTTLE 


of Clinical Chemistry for 
Eugene W. Rice, Ph.D 
Illinois. Oxford 
Ltd. 1960. Sé6s 


Principles and Methods 
Medical Technologists, by 
U.S.A.: Charles C. Thomas, 
Blackwell Scientific Publications 
Pp. 286 XVil. 

The aim of this book as stated in the preface is “to 

teach the student to apply his training in basic chemistry 

to clinical chemistry in order to perform the analyses 
intelligently rather than mechanically’. The book 
consists of two sections, one on the principles under- 
lying the usual laboratory operations of clinical bio- 
chemistry, and a practic cal section giving a good range 
of routine methods. The whole book bears the marks of 
being a transcription of lecture notes, and this may 

account for some of its failings as well as its virtues: a 

set of very good lectures which have lost some of their 

clarity and directness in the transcribing. Thus the useful 
but disproportionately long chapter on complexometric 
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titrations may have originated in a stimulating lecture 
explaining this recent development to students who 
would not yet find it in their text-books of analytical 
chemistry. Milliequivalents which would normally be 
introduced early, together with equivalent weights, are 
relegated to the section on electrolyte balance on p. 102; 
this seemingly illogical procedure becomes intelligible 
when seen as a subject introduced during a course of 
lectures precisely at the stage when students first need 
this knowledge and are ready to digest it. Even so, this 
approach is open to criticism: milliequivalents could be 
accepted as the simple and natural units they are and be 
explained as such from the start, rather than beginning 
with the arbitrary notation of milligrames per 100 ml., 
converting these into milliequivalents and reducing them 
in the student's mind to the complication of a complica- 
tion. Again, degrees of gastric acidity, defined here as 
ml. of O-1-N sodium hydroxide required to neutralize 
100 ml. of gastric jutce (p. 114), are simply milli- 
equivalents of acid per litre 

There are a few signs of hasty assembly into book 
form, as evidenced by the table of atomic weights on 
the inside front cover where a footnote explains the 
meaning of values in brackets but no such values appear 
in the table, or by the bromsulphthalein test on p. 149 
where the ward procedure is given only under ‘Inter 
pretations’. A number of minor errors or indefinite 
wordings have also entered the book, quite admissible 
in extempore lecture notes but less so in print, e.g. the 
continued distinction between c.c. and ml. (p. 10), the 
term ‘solution of colloidal gold’ (p. 121), the statement 
that Bence-Jones protein (defined here by its thermal 
solubility properties) is excreted in most 
multiple myeloma (p. 126) or that 
levels of over 15-20 mg./100 ml. are toxic 

These are points of detail, suitable for the author's 
errata list, in a book that is well planned, with the clear 
aim of enlarging the horizon of student medical 
technologists. The book will be of greatest use for 
teachers planning a set of lectures and course work who 
could use it as a basis to expand and clarify. It can also 
be read with profit by students when revising course 
work already done. The experimental section commands 
attention on account of its up-to-date 
methods.— aA. L. TARNOKY 
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Dictionary of Cinematography and Sound Recording, b 
Wallace S. Sharpe, M.B.K.S., F.lnst.D. London 
Fountain Press, 1960. 15s. 6d. pp. 144 

The book is in two parts: Part | (63 pages) consists of 

data on a variety of topics—for example, sound; light 

and lighting equipment; film projection. Part 2 (65 

pages) is a dictionary of terms used in amateur 

professional cinematography and recording 
The stated aim is to provide a means of accurately 


and 


defining and explaining standard terms, and, in the data 
section, to provide valuable technical information for 
amateurs and professionals 

The rapid technical development in film-making and 
sound recent together with their 


recording in years, 


$99 





increasing use in science and industry, make it impor- 
tant that an accurate and effective source of reference 
and definitions should be available. It is unfortunate, 
therefore, that this book is only partly successful. 
Although there is much useful information in the data 
section, those chapters on colour and sound, in 
particular, are inadequate. There are some surprising 
errors. For example, the lens projection charts for 
8 mm. and 9-5 mm. film on page 67 lack the vital 
information concerning the focal length of the pro- 
jection lenses required. The dictionary, too, has a 
number of useful definitions but there are surprising 
omissions and inaccuracies. The definitions cover a 
range of advanced technical subjects (a magnetostriction 
loudspeaker is defined as one using a material having 
magnetostrictive properties—but there is no definition 
of magnetostriction itself ). This section also includes 
studio terms and jargon (‘N.G.” is defined as the 
abbreviation for ‘no good’). Apart from occasional 
obscurity in definition, the least satisfactory aspects of 
this section are the inaccuracies—a bulk eraser is 
defined as ‘a device designed to pass a high intensity 
alternating current through wound reels of magnetic 


tape’. There are a number of inexplicable omissions; 


there are no references to colour film processes or 
principles and no mention or explanation of wide 


screen systems 

Although there is much useful information in this 
book, it is neither as completely comprehensive nor as 
accurate as might be desired. Its principle value will be 
to the amateur cine enthusiast rather than to the 
technician or professional film maker.—BRIAN W. COE 


Encyclopaedia of Microscopic Stains, by Edward Gurr, 
F.R.1.C., F.L.S., M.I.Biol., F.R.M.S. London: Leonard 
Hill (Books) Ltd. 1960. 95s. pp. 498 Xi. 

If Mr. Gurr had aimed to write a dictionary rather than 

an encyclopaedia this book would have served its 

purpose equally well, with considerable economy in 
respect of size, and presumably of cost. It is where the 
work is most encyclopaedic that it is least valuable. 
Basically it consists of a list of dyes, arranged in 
alphabetical order, with synonyms (admirably indexed), 
structural formulae and solubilities all clearly set out. 

So far so good, and indeed, very good; but at this point 

Mr. Gurr proceeds to justify the title of encyclopaedia 

by telling us all he thinks worth knowing about each 

dye, and the result is a sad mixture of commercial 
information, no doubt accurate, but distinctly out of 
place, combined with a selection of references from 
scientific literature, supported by an 18-page biblio- 
graphy, most of which are valueless, and some, frankly 
misleading. The cumulative effect of these passages is one 
of irritation, growing to exasperation and tempered only 
occasionally by amusement. The latter emotion is 
sometimes aroused by encounters with both the Iron 
Curtain and the Bamboo Curtain in stain technology: 
Ethyl purple 6B ‘is only in occasional demand, and then 


usually only in very small quantities in certain areas of 


South-Eastern Europe’, but it is gratifying to know that 
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it ‘could no doubt be substituted for Spiller’s purple or 
for dahlia’ even though, regrettably, it ‘does not appear 
to offer any particular advantage over either’. On the 
other hand, it is South-Eastern Asia that uses Benzyl 
Green ‘for both animal and plant tissues,’ but only 
occasionally, and ‘there are no reports available 
regarding its use.” No reports? We have a feeling that 
Mr. Gurr must be holding out on us somewhere, 
especially as he drops the hint that: ‘It might be of 
interest as a contrast to various nuclear stains.’ Imagina- 
tion boggles at the purposes to which a Siamese might 
put a bright green water-soluble dye. 

All this is entirely without any hint of literary or 
other source, whereas, in total contrast, we have Fast 
Acid Blue, which ‘was employed by Romell, L. G. 
(1934) in his technique for soil bacteria.” A few of the 
lines squandered on market research in the previous 
quotations might have been used to tell us what Romell 
actually did. 

Bismark Brown Y is employed ‘as a component’ (my 
italics) of Neisser’s stain, and the only reference to the 
HCI! —Giemsa technique, at the end of two and a half 
pages on Giemsa, is that Knaysi (1958) gives us to 
understand that it is no use. This will surprise many 
people who employ the method. However, when we 
examine the bottle, we find that R. 66 Giesma ts 
marketed, not by the author of the book, but by another 
person of the same surname. Possibly Dr. Knaysi used 
the w rong sort of Giemsa. 

We learn that confusion has arisen between haema- 
toxylin and hematoxylin, sometimes referred to as 
haematoxylin; it certainly is a little confusing. 

As a book of rapid reference on the subject of the 
dyes themselves, this work is most admirable, and should 
find a place in every scientific library; but those seeking 
its guidance should not rely too much upon the author's 
interpretations of the scientific purposes to which the 
various stains have been put.—k. A. BISSET 


John 


Making and Printing Colour Negatives, by 
30s. 


Vickers, F.1.8.P. London: Fountain Press. 1960 

pp. 194. 

There is no doubt that for better or worse, we are now 
launched on the pursuit of the perfect colour print. 
Whatever that may mean, and the more we study the 
fascinating subject of human vision, the more we are 
made to realize how individuals differ in their evaluation 
of colour terms. However, so great is the differential 
value of colour in scientific and applied photography 
that it is only to be expected that the demand for its 
use in printing will continue to increase. 

Therefore an authoritative publication such as Mr. 
John Vickers’s book on the production of colour 
negatives and colour printing fulfils an urgent need. 

The author deals with his subject in an extremely 
practical manner and in terms such that both amateur 
and experienced workers will find it a most useful guide. 

Divided into five parts and 25 chapters the work 
opens with a discussion on vision and illusion, the 
negative colour process and the characteristic curve. 
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Mr. Vickers places great emphasis on the fact that 
colour fidelity is largely an illusion in all known 
methods of colour photography, and that this is 
inevitably bound up with the mechanism of human 
vision itself. He goes on to state that our aim is to 
produce the illusion of fidelity, and proceeds to explain 
how this aim may be achieved. The function of correc- 
tive masking etc., is dealt with fully and with clarity in 
this section. 

However, the author's statement with regard to the 
inferiority of copies of reversal transparencies is no 
longer valid, since at least one of our leading manufac- 
turers has introduced a copying service which very 
often produces results even superior to the original, 
especially in the shadow areas, due to the incorporation 
of an electronic masking device in their copying tech- 
nique. This is just one of those things in this swift 
moving age of scientific progress. 

Part II forms a most useful guide on exposure of the 
negative by daylight, tungsten illumination, flash bulbs, 
and electronic flash. 

Sufficient data is given on the use of filters, contrast 
ratios, reflectors and fill in flash in daylight to be of 
real value without being tedious. 

The information on types of tungsten lamps, lighting 
equipment, the use of light meters for determining 
exposure, etc. includes notes on an extremely simple 
CT comparator, for which the author claims that a 
difference of 100 K. can be detected, which is quite 
adequate for modern colour negative materials. 

There follow chapters on techniques with expendable 
flash, electronic flash, and mixed lighting which should 
enable anyone conversant with black and white work to 
make a start in this field of colour work, although the 
technique of electronic flash could have been expanded 
with advantage. 

The latter part of the book is devoted to negative 
processing and colour printing, and covers Kodak 
Ektacolor and Kodacolor with useful hints on solution 
storage although there is a slight repeat of information 
on page 96. 

There are also notes on the processing of Icicolor, 
now obsolete, and Agfacolor, Raycolor and Pakolor 
in which the author points out the wisdom of using the 
manufacturers’ formulae as opposed to the use of 
substitutes at this stage in colour work. 

Sources of trouble in the darkroom are also dealt 
with, together with suggestions for equipment and a 
warning against dermatitis, to which some people are 
susceptible, together with precautions for its prevention. 

In colour printing the false economy of using 
doubtful or stale materials is rightly stressed. Unless 
the reader places a very low value on his time it is much 
wiser to buy and use colour materials of which the age 
and storage conditions are known. 

Practical advice is given on the testing of washing 
efficiency, darkroom safe lighting, and projection 
printers, etc. 

Colour printing procedures both additive and sub- 
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tractive are covered at great length and in such a manner 
that anyone of average intelligence cannot fail to grasp 
the essentials of colour filtering 

A chapter is devoted to the processing of Agfacolor 
and Ektacolor papers, where it is pointed out that 
other manufacturers’ papers are treated in sequences 
which are very similar to the Agfacolor process. 

Directions are also given for drying, glazing and 
mounting. 

The rest of the work deals with masking techniques, 
retouching, the copying of colour transparencies and 
making of separation negatives 

The work is illustrated throughout with diagrams and 
colour plates and forms a most valuable addition to the 
library shelf of both the beginner and experienced 
worker.—-NORMAN GRUBER. 


Manuale lactis, by M. E. Schulz and G. Sydow. Cheese 
(Folge Il, Klasse 5, 1955); Milk products—By-pro- 
ducts (Folge Il, Klasse 6, 1957); Dairy equipment 
(Folge Il, Klasse 7, 1959); Hans Carl, Nuremberg 


The first series of this comprehensive abstract compil 
ation began in 1948, and these latest three volumes are 
in the second series which began in 1952. The object of 
the authors has been to give a brief abstract or at least 
the title of every worth-while paper published since the 
issue of the first series. The abstracts are classified 
according to the well-known Bibliotheca lactis of the 
senior author. This is very simple and a key 1s provided 
in German, English, French, Spanish, Danish, and 
Dutch at the beginning of each volume. The abstracts 
are then listed in each section alphabetically under the 
names of the authors. The publications may therefore 
be regarded as a compressed form of Dairy Science 
Abstracts covering several years and arranged according 
to an easily used system. All scientists and technologists 
today should be able to read German, and so these 
volumes are invaluable to all scientists interested in the 
dairy industry. Each section is in effect a brief review of 
one aspect of dairy science 

The books contain no indexes, either of authors or of 
subjects. Doubtless the authors considered that these 
were unnecessary. Nevertheless, an author index would 
not be without its usefulness and this might be consid- 
ered for fiiture issues.—J. G. DAVIS 


Atomic Energy Appointment 


The U.K. Atomic Energy Authority announce the appoi.t- 
ment of Mr. B. S. Smith as Head of the Isotope Research 


Division of A.E.R.E., Harwell. This Division is situated 
mainly at the Wantage Research Laboratory at Wantage, 
Berkshire, a few miles from the Harwell site 

Mr. Smith, whose appointment dates from May 17, 1960, 
was formerly Head of Health Physics Division at the 
Atomic Energy Research Establishment, Harwell, and his 
successor in that post is Mr. N. G. Stewart, at present at 
the Authority's Dounreay Experimental Reactor Establish- 
ment. Mr. Stewart will take up his new duties on August I, 
1960. 
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Donations wanted for Prize 
Fund 

Since its formation in 1948 as the Science 
Technologists’ Association, the Institute 
of Science Technology has steadily in- 
creased its membership and it is now 
firmly established as the professional 
organization to which it is appropriate 
for the science laboratory technician to 
belong. The Institute is solely concerned 
with examination and certification and 
seeks by these means to provide a high 
standard of training and professional 
standing which will encourage young 
people to take up laboratory work as a 
career. The acute shortage of skilled 
technicians is well known to all who 
work in science and technology and the 
problem can only be resolved by 
systematic courses of training leading to 
accepted qualifications 

Some measure of the _ Institute's 
significant contribution to the training of 
the technician may be shown by the 
implementation of a new scheme of 
qualifying examinations in 1960 in 
conjunction with the City and Guilds of 
London Institute and, in this connection, 
the Council of the Institute have agreed 
to the formation of a Trust Fund, the 
income from which will be devoted to 
the award of prizes. In this way, it is 
hoped to give further encouragement to 
boys and girls entering laboratory work. 
Four members of Council have been 
appointed to act as Trustees of the Fund 
and the investments will be held by the 
Official Trustee of Charitable Funds. All 
income will be free of tax 

When sufficient donations have been 
received, the Deed of Trust will be 
signed as follows 

‘Upon Trust for the advancement of 
Education in Science and Technology by 
the award of Prizes (including Medals) in 
accordance with the rules to be made by 
the Council of the Institute of Science 
Technology to persons who, in the 
opinion of the Trustees, have passed 
public examinations with credit, or who 
have written an article published in the 
Journal of the Institute or, if the said 
rules so provide, in any other publica- 
tion which appears to the Trustees to be 
of sufficient merit.’ 

Provision has already been made to 
award the following prizes: 

1. Two awards of Six Guineas for the 
best performance in the Certificate and 
Advanced Certificate Examinations held 
annually by the City and Guilds of 
London Institute in conjunction with the 
Institute of Science Technology in the 
Laboratory Technicians’ Course. 

2. An annual award of a Medallion 
together with a book token to the value 
of Two Guineas for the best article 
published in the Journal of the Institute. 
For this purpose the sum of £500 will 

required and those interested in 
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supporting the Fund are invited to make 
a donation. 

All donations should be sent to R. S. 
Diaper, Hon. Treasurer, Institute of 
Science Technology, 19 Hammond 
Avenue, Mitcham, Surrey 


Do-it-yourself Anatomy 


An anatomical model of the human 
body, sculptured in plastics, and stand- 
ing 16 in. high and is approximately one- 
fifth life size is marketed by Griffin & 
George Ltd. 

The model has three distinct divisions, 
the skin, the skeletal system and the 
internal organs which can be taken apart 
in that order, thus providing an instruc- 
tional introduction to human physiology 
for the student and interested layman 
alike. 

The skin is represented by a layer of 
pink tinted plastics constructed in three 
removable parts which clip together and 
are: the rear and front halves, and the 
breastplate. Embossed on to the inside of 
the skin is the circulatory system of the 
head, trunk and limbs, and the muscu- 
lature of the trunk and the limbs. 

The skeletal system is built to repre- 
sent bone in white plastics with the main 


This transparent model can be dismantled 
organ by organ. 
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joints articulated. The crown of the 
cranium is removable to reveal the 
brain, as is also the front of the rib 
cage which reveals the entire internal 
organs. 

The internal organs show in detail the 
respiratory system with the construction 
of the lungs, and the heart, the front 
half of which is removable to show the 
chambers. The digestive system, in- 
cluding the stomach, pancreas, the 
small and large intestines and the rectum 
is also shown. The excretory system 
shows the kidney, which opens to expose 
the workings, and the urinary bladder. 
All parts of the internal organs are 
removable through the breastplate. 

The model is supplied as a set for 
assembly, and requires only a small tube 
of polystyrene cement for construction. 
The instructions for assembly come with 
a ten page booklet entitled ‘An Intro- 
duction to Human Anatomy’, which 
accompanies each model. 


Colour Television 

A unique demonstration was presented 
at The Institution of Electrical Engineers 
recently when two French authors, 
R. Chaste and P. Cassagne, described a 
new system of colour television trans- 
mission. Scenes originating in Paris were 
seen in full colour by a large audience in 
London, on screens which differed little, 
if at all, in their external appearance 
from those of ordinary ‘black and white’ 
television receivers. 

Moreover, the transmitted pictures 
were ‘compatible’: that is to say, if put 
into a colour receiver, they gave a 
coloured result; if put into a normal 
television set, they gave a black and 
white picture. This ‘compatibility’ is 
important, because it would provide a 
means of bridging the gap if a colour 
service were to be introduced, so that 
until a user bought a colour receiver, his 
existing set would still give him a black 
and white result from the colour 
transmission. 

Behind this feat lay a triumph of 
engineering co-operation. Experts in the 
French companies responsible for the 
development of the system, the French 
Posts and Telegraphs, the Radio Tele- 
vision Frangaise, the British Post Office 
and the B.B.C., together set up a 
complicated radio link comprising sec- 
tions of the existing Eurovision network, 
with additional microwave links of the 
type used by the B.B.C. As an additional 
precaution, a video recording was made 
in London beforehand of the compli- 
cated colour signals transmitted from 
Paris, to be used in the event of their 
being any breakdown in the radio link 
between the two capitals. It is satis- 
factory to report that the recorded 
version was not in fact required. 
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EQUIPMENT & APPLIANCES 


Machlett OEG-60 beryllium window tube 
for research and fluorescence analysis. 


Machlett Tubes for X-Ray 
Fluorescence Analysis 


New x-ray tubes for x-ray fluorescence 
analysis in which the characteristic 
radiation from impurities in the tube 
anode is reduced to a very low intensity 
are now being produced by Machlett 
Laboratories Inc 

The spurious characteristic radiation 
generated in x-ray tubes is one of the 
factors limiting the sensitivity of the 
x-ray fluorescence method. The new 
tubes allow an improvement in sensitivity 
to be obtained, especially for copper and 
nickel, and the effect of target impurities 
is NOW insignificant 

The improved x-ray tubes, designated 
AEG-50-S, OEG-50-S and OEG-60-S, 
have been developed from the well- 
known AEG-50, OEG-50 and OEG-60 
types, with which they are interchange- 
able. The AEG-50-S and OEG-50-S 
tubes have 5 mm 5 mm. foci and are 
available with tungsten or platinum 
anodes. The OEG-60-S tube has a 6 min. 

6 mm. focus and is available with 
tungsten, platinum and molybdenum 
anodes. All the new tubes have beryl- 
lium windows and operate up to 50 kV 
(Available from: Watson & Sons 
(Electro-Medical) Ltd., Industrial 
Division, North Wembley, Middlesex.) 


Hydrogen Generator 
This apparatus has been especially 
designed for use in polarography, where 
a small but continuous flow of hydrogen 
is required for de-oxygenating solutions 
prior to polarographic analysis 
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It eliminates the inconvenience of 
transporting and replenishing cumber- 
some gas cylinders and the difficulty of 
controlling the flow of small quantities 
of gas. It consists of a d.c. power pack 
and a special low voltage electrolytic 
cell built into a compact self-contained 
unit. A rotary switch enables hydrogen 
to be generated at four different rates 
up to 3,000 c.c. per hour and in polaro- 
graphy 5-10 ml. of solution can be de- 
oxygenated in four to five minutes 
(Manufacturers: Southern Instruments 
Ltd.. Frimley Road, Camberley, Surrey.) 


The A. 1653 hydrogen 


generator. 


Ona the right is shown the 

new vacuum oven being 

made by D. A. Gunn 
(Engineering) Ltd. 
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A range of poiytetrafluorcethylene beak- 
ers for laboratory or industrial use in the 
handiing of corrosive fluids. 


P.T.F.E. Beakers tor 
Corrosive Chemicals 


Because of its un resistance to 
chemical attack and P.T roe 
has many applications in the chemi 
processing industry 

One of the P.T.F.t 
from the Fluorocarbons Department of 
A.E.1. Radio and Com 
ponents Division is a range of beakers 
which will find an application wu 
chemical laboratories and ndustry 
generally, where corrosive liquids and 
chemicals are handled 
(Manufacturers: Fluorocarbons Depart 
ment, A.E.1. Radio and Electronic Com- 
ponents Division, 155 Charing Cross 
Road, London, W.C.2.) 
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The Duplex pump accommodates auto- 
matic control on both or one of the pump 
heads. 


D.C.L. Pumps 


This range of metering pumps has 
recently been further extended by the 
development of a Duplex version of the 
*‘M’ pump 

Many hundreds of *M’° pumps are in 
service in the United Kingdom and 
abroad and by developing from this unit 
a model which embodies two of the *M’ 
pump’s standard pumping heads driven 
180° out of phase from a common motor, 
the output of the pump is doubled and 
the flow characteristics improved when 
the heads are operated in parallel. As an 
alternative application each head can be 
operated as an independent metering 
head pumping two different liquids 

The Dupiex pump is designed to 
accommodate automatic control on 
both or one of the pump heads. It is 
available with totally enclosed or flame- 
proof motors and, as with the single 
head model, the pumps will also 
accommodate 60-cycle motors by 
modified gearing 

The maximum capacity of each 
cylinder is 8-23 g.p.h. at 50 p.s.i.g. with 
a series of alternative pump heads 
giving infinitely variable ranges of 
capacity for smaller volumes and higher 
pressures 
(Manufacturers: The Distillers Co., Ltd., 
Great Burgh, Epsom, Surrey.) 


The Micro-Oven 

A handy oven is now available for small 
scale work and for semi-inicro analysis. 
The micro-oven consists of an anodized 
aluminium outer casing—to withstand 
corrosive atmospheres—and an inner 
metal casing forming a cylindrical cavity 
4in. deep ~ 4 in. diameter. Fitted to the 
double walled lid there is a smali tray 
which locates in the centre of the cavity 
as the lid is placed on the mantle 
venting holes are provided in the base 
and in the lid, with a second hole for a 
thermometer. High temperature lagging 
2 in. thick provides good thermal 
efficiency and temperatures up to 300 (¢ 
can be quickly reached although the 
loading is 200 watts only. The price is 
£12 

(Manufacturers: Isopad Ltd., 
By-Pass, Boreham Wood, Herts.) 


Barnet 


The pocket microscope made by Ellis 
Optical Co., Mayday Road, Thornton 
Heath, Surrey. 


A 2 ml. capacity gas sampling bomb. 
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‘Nilox’ Apparatus 


The Nilox gas purification system 
enables the laboratory worker to obtain 
on the turn of a tap a continuous 
stream of hydrogen, nitrogen, argon 
etc., completely freed of the oxygen 
normally contaminating these gases as 
supplied in cylinders. Ordinary com- 
mercial nitrogen can be purified to a 
degree much superior to high purity 
commercial nitrogen and will reduce an 
oxygen content of 2,000 p.p.m. down to 
0-2 p.p.m 

The gas stream may flow at any rate 
up to 20 litres per hour and the reagents 
need only be renewed at long intervals 
The two purifiers, which are mounted 
on a special stand, will also retain 
impurities such as CO2 H2S, SO, Clo, 
NH, and amines 
(Manufacturers: Southern Instruments 
Ltd., Frimley Road, Camberley, Sur- 
rey.) 


Gas Sampling Bomb 
A 2 ml. capacity sampling bomb has 
recently been developed. This bomb has 


been thoroughly tested by various 
sections of the oil and chemical indus- 
tries over the past 12 months, and has 
now been added to the existing range of 
Hone apparatus of this kind with a 
seven to ten day delivery. 

These 2 ml. bombs, which are tested 
to 1,000 p.s.i., are made of a transparent 
plastic, thereby allowing easy visual 
check on the liquid level. An anti-static 
device for complete safety in operation 
when taking samples of hydrocarbon 
products has been built into the vessel, 
which is complete with two fine control 
Stainless stee] needle valves. 
(Manufacturers: F. J. Hone & Co., Ltd., 
19 Eldon Park, London, S.E.25.) 
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The Ferranti-Shirley viscometer with automatic flow curve recorder. 


Automatic Flow Curve Recorder for Ferranti- 


Shirley Cone-Plate Viscometer 


The Ferranti-Shirley cone and plate 
viscometer, which is widely used in 
laboratories and industry for studying 
the anomalous flow behaviour of the 
more complex fluids, has now been 
modified to incorporate a new automatic 
flow curve recorder. 

As result, non-Newtonian flow 
curves of shear stress against rate of 
shear can be plotted automatically, 
thereby eliminating the necessity for 
constructing graphs by time-consuming 
manual methods. In addition, it provides 
a most suitable means of standardizing 
the test procedure so that operator error 
due to inconsistent experimental con- 
ditions is minimized. This is particularly 
important for the measurement of time- 
dependent flow properties, e.g. with 
thixotropic substances where close con- 
trol of both the magnitude and duration 
of shear is essential. The recorder is 
capable of plotting a complete shear 
stress/rate characteristic in about 10 
seconds for most non-Newtonian fluids 

With the cone and plate viscometer, 
the fluid to be examined is sheared in a 
narrow gup between a stationary flat 
plate and a slightly conical, rotating disc, 
driven at controlled speeds, ranging 
from 0-1 to 1,000 r.p.m. by a variable 
speed motor. The cone speed is directly 
proportional to the rate of shear. The 
amount of viscous drag on the cone is 
shown on an indicator unit and is 
directly proportional to the shearing 
stress. Thus, at any rate of shear or 
shearing stress, the apparent viscosity 
can be readily determined and flow 
curves plotted 
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The new equipment comprises a flow- 
curve recorder adaptor unit, designed to 
fit beneath the existing viscometer 
indicator unit, so that all controls are 
readily accessible in one unit, and a 
Houston Instruments HR-92 X-Y re- 
corder. The latter instrument has been 
selected for use with the equipment 
because of its small dimensions, com- 
patible input and performance character- 
istics and moderate cost. However, most 
types of X-Y recorder can be used 
provided they have the correct input 
characteristics 

In operation, the control unit generates 
a voltage increasing linearly with time 
which is applied to the d.c. servomotor 
in the measuring unit via an amplifier, to 
accelerate the cone up to a _ predeter- 
mined velocity. The tacho-generator, 
which is an integral part of the servo- 
mechanism controlling the cone velocity 
supplies the speed signal to the Y-axis of 
the recorder, calibrated in rev.;min. The 
corresponding torque acting on the cone 
is ineasured by a precise dynamometer 
consisting of a spring and potentiometer 
which supplies the torque signal to the 
X-axis, calibrated in dynes-cm. Multi- 
plying by the appropriate cone constants 
gives the shear stress/shear_ rate 
characteristic in absolute units 

On reaching the maximum speed the 
cone normally reduces speed auto- 
matically to zero, but a “hold switch’ has 
been incorporated to maintain the preset 
speed constant for any desired time 
before speed reduction is initiated 

There are eight available 
acceleration, the cone velocity being 
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swept from zero to maximum speed 
(10,100 or 1,000 r.p.m.) in a time ranging 
from 10 to 600 seconds with a linearity 
of about | per cent. Intermediate 
maximum speeds can be selected by 
means of a ten-turn potentiometer. How 
ever, in applications where the duratien 
of shear must be minimized, e.g 
accelerating to a specific cone velocity 
before commencing the test proper, a 
rapidacceleration speed reduction facility 
with a sweep time of about | second is 
available: this is an overriding switch 
control, and as such, it may be used to 
speed the settling up and resetting 
operations. The sweep voltages are 
generated by a conventional Miller 
integrator 

Viscosity or shear stress can be re 
corded against time at a constant pre- 
determined shear rate, by utilizing the 
sweep voltage as a time base on the 
Y-axis of the recorder, with manual 
adjustment of the cone speed. The decay 
of stress with time can also be plotted 
in a similar manner 

Basic price of the flow curve recorder 
adaptor unit is £184 and the Houston 
HR-92, X-Y recorder (supplied by 
Scientific Furnishings Ltd. Poynton, 
Cheshire) £375 

The standard Ferranti-Shirley 
and plate viscometer is priced at £1,150- 
£1,200 


(Manufacturers 
wood, Lancs.) 


cone 


Ferranti Ltd., Hollin- 


New Radio Chemical 
Fume Hood 


Equipment Corporation an 
that their new line of fume 
hoods is now available with constant 
air-flow, permitting the hoods in the 
laboratory to function as definite parts 
of the air conditioning system. In 
keeping with the streamlined air en- 
trainment exhaust features, the service 
fixtures are mounted on the sides of the 
chamber affording a full clear working 
area 


Duralab 
nounces 


rates of (Export representatives: Schueler & Co., 


S.A.) 
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General 


B.F.M.LR.A. Elections 

At the recent Annual General Meeting 
of the British Food Manufacturing 
Industries Research Association, Prof. 
A. C. Frazer, M.D., D.Sc., F.R.C.P., Was 
re-elected President and Lt. Col. G. R 
Harding, p.s.0., M.B.£., Vice President 
for the ensuing year 

The Lord Tweedsmuir, 0.B.t 
also elected a Vice President 
Association 

Vacancies on the Council created by 
the retirement of Mr. Colin S. Dence, 
g.A., and Mr. H. C. S. de Whalley, 
P.R.LA M.1.Chem. M.LBiol., were 
filled by the election of Major J. M 
Oke, of J. A. Sharwood and Company 
Limited and Dr. A. Carruthers of the 
British Sugar Corporation Limited 


was 


the 


of 
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Another Instrument Merger 
Dr. P. Dunsheath, C.B.E., D.Sc., LLD., 
chairman of the 79-year-old Cambridge 
Instrument Co., Ltd., has announced 
an offer by his company for the whole 
of the ordinary share capital of the 15- 
year-old Electronic Instruments Ltd 
The offer is on a share exchange basis of 
seven Cambridge 5s. shares for three £1 
Electronic Instruments, Ltd. An extra- 
ordinary general meeting of Cambridge 
Instrument Co., Ltd. will be called in the 
near future to increase the nominal 
capital from £1,500,000 to £1,650,000, 


by the creation of 600,000 new ordinary 
shares of 5s. 

This merger between two well-known 
instrument companies with world-wide 
interests has been mutually sought and 
enables the two firms to co-ordinate 
their complementary research, develop- 
ment, production and market resources, 
thus creating a more powerful organiza- 
tion to meet the rapidly changing 
conditions and requirements of the home 
and overseas markets 

It is intended that Electronic Instru- 
ments Ltd. will operate under its own 
name and that Mr. A. C. W. Norman, 
o.B.£., will continue as chairman, Mr. 
P. Goudime, M.A., aS Managing director, 
and Mr. D. A. Pitman as sales director, 
joined by three directors of Cambridge 
Instrument Co., Ltd. Subject to accept- 
ance of the offer, Mr. Goudime will be 
invited to join the Board of the Cam- 
bridge Instrument Co., Ltd 


Publications 


Veale Committee Report 

A report on the training of radiological 
health and safety specialists has now 
been published (‘Training in Radio- 
logical Health and Safety: Report of a 
Committee appointed by the United 
Kingdom Atomic Energy Authority’ 

H.M.S.O. price 5s. 6d.). This Committee, 
under the chairmanship of Sir Douglas 
Veale (formerly Registrar of the Uni- 
versity of Oxford) was set up to consider 
the national need for specialists to deal 
with the health and safety aspects of the 
use of ionizing radiations and radio- 
active substances. The increasing use of 
radiations for peaceful purposes has 
created a shortage of these specialists, 
and the report makes recommendations 
about the types of experts needed and 
their training. It is at present being 


ps 


The main party to man the British Scientific Instrument Exhibition at Moscow, 
organized by the Scientific Instrument Manufacturers Association of Great Britain 
leave London Airport. 
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studied by the U.K. Atomic Energy 
Authority and the government depart- 
ments concerned. 

The report describes the types of work 
involved in achieving radiological health 
and safety, and the kinds of training 
needed. It then reviews the present 
position in this country and discusses 
the responsibilities in the health and 
safety field of government departments, 
local and public authorities, hospitals 
and the medical profession, and nation- 
alized and private industry. An attempt 
is made to estimate the total number of 
trained people required during the next 
ten years. 

Methods of training for radiological 
health and safety staff at three levels are 
considered. At the top level, university 
postgraduate courses have already been 
set up to give a wide training—over- 
lapping the boundaries of medicine, 
biology, physics and chemistry—to 
selected graduates in science or medicine. 
There are courses in the universities of 
London and Birmingham, and Edin- 
burgh University are planning a course 
to start next October. The Committee 
believe that these courses, when fully 
developed, will be sufficient to meet the 
need for 20 or 30 top grade specialists a 
year. 

The report recommends that similar 
courses of a rather less advanced kind 
should be set up at two or three colleges 
of advanced technology. At a somewhat 
lower level again, a scheme is suggested 
for introducing certificate courses at 
technical colleges in the autumn of 1961 

The idea of a national training centre 
is examined, but the Committee consider 
it unnecessary, and recommend that the 
existing educational system should be 
used to provide the sort of training that 
is needed. 

To make the best use of specialists, 
the Committee recommend that a 
national radiological advisory service, 
with regional centres, should be set up 
under the Minister for Science. This 
service would be able to give advice to 
organizations (such as firms making use 
of radioisotopes) without full-time health 
and safety specialists of their own. It 
would be available to give expert help in 
the case of an accident involving possible 
radioactivity hazards. It would also 
provide such services as processing the 
film badges which are worn by all work- 
ers who may be exposed to radiation 

The report also recommends that all 
medical students should be given some 
knowledge of radiological health and 
safety in their undergraduaie training, 
and that a course should be included in 
the curriculum for the Diploma in 
Public Health 


Short residential courses for managers, 
administrators, medical officers of health 
and other professional workers are also 
proposed, as well as books, films, 
articles, and radio and T.V. programmes 
for the information of the public. 
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Three decisive points: 


@ Purposefu! Research 
@ Carefu! Manufacture 
@ Conscientious Contro! 


are the principles forming the reputation of 


our products. 


Guaranteed 
reagents eck 


are internationally recognized as the guaran- 
tee certificate on any package demonstrates 
their purity and reliability. 


From our sales range: 


Preparations for laboratory use 
indicators of all types 

Universal- and Special-indicator-Papers 
lon exchangers for analytical purposes 
Preparations for chromatography 

Spot reagents 

Titrisols® 

Titriplexes* 


Distributors for reagents 
and lab-products in the U.K. 


Messrs. Anderman & Company Ltd. 
Battlebridge House, 87—95, Tooley Street, 
London, S.E.1 


E. MERCK AG DARMSTADT 
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The Radiochemical Centre 

A 24-page booklet has been issued by 
the U.K. Atomic Energy Authority 
(H.M.S.O., price 5s.) dealing with the 
Radiochemical Centre at Amersham 
the organization within the Authority 
responsible for the production and 
marketing of radioisotopes. 

This booklet describes the growth of 
the Centre from its beginnings in 1940 
as a small laboratory for refining radium 
and producing self luminous paint to 
becoming a large scale scientific and 
commercial establishment providing 
facilities and services which are available 
to all countries throughout the world. 

The organization of the Centre is 
briefly described and facts about the 
technology of isotope production are 
also given. The booklet also gives an 
outline of some of the many ways in 
which radioisotopes are used in medicine, 
industry and research 


The service corridor behind an alpha-beta-gamma ‘hot’ bench. 


CATALOGUES, BROCHURES & LEAFLETS 


Cambridge Publications.—\Included in 
the recent leaflets issued by the Cam- 
bridge Instrument Co., Ltd. of 13 
Grosvenor Place, London, S.W.1, are 
the following: List 97—describing the 
new general purpose polarograph which 
can be purchased in a simple and 
inexpensive form for manual plotting 
from a galvanometer and, later, by 
adding separate units, may be built up 
into an accurate and rapid pen-writing 
instrument. List 176—describing a range 
of thermometer regulators. List 309/1 
describing an industrial gas analyser. 
List 304/1—describing the needle pyro- 
meter which consists of a light portable 
indicator and a needle thermocouple 
which will penetrate below the surface of 
materials such as rubber and plastic to 
provide rapid and accurate temperature 
readings. 

Duplex Filters.—A leaflet describing 
their complete range of Duplex filters 
has been published by Plenty & Son 
Ltd., of Eagle Iron Works, Newbury, 
Berks. These are complementary to the 
Simplex range (4 in. up to 24 in.) which 
have been installed in refineries, gas 
works, coal mines, food factories, 
chemical plants, distilleries and ships 
throughout the world since their intro- 
duction four years ago. 


Optical Aids.—This is the title of a 
new leaflet issued by Wray (Optical 
Works) Ltd., Bromley, Kent. It contains 
brief details of a binocular magnifier, 
inspection telescope, the Wrayflex on 
copying stand, microfilm reader, 
measuring magnifier and focusing 
magnifier. 

Marconi Instrumentation.—The March 
1960 issue of Marconi Instrumentation 
(Vol. 7, No. 5) published by Marconi 
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Received from Manufacturers 


Instruments Ltd., of St. Albans, Herts., 
contains articles on an_ electronic 
counter, a pH meter and apparatus 
designed for telegraph signal distortion 
analysis. 

BTL Bulletin.—The May 1960 issue 
of the BTL Bulletin issued by Baird & 
Tatlock (London) Ltd., of Chadwell 
Heath, Essex, includes technical details 
of a wide variety of equipment manufac- 
tured by the company. 


B.D.H. Leaflets.—New entries in the 
catalogue of British Drug Houses Ltd., 
of Poole, Dorset, are listed in the May, 
1960 issue of their monthly leaflet. 
These are as follows: Organic and In- 
organic Chemicals.—x-amylase and 8- 
amylase; phloretin; o-phthalaldehyde. 


Electronic Temperature Indicators. 
A leaflet has been published describing 
the new electronic temperature in- 
dicators marketed by Electrothermal 
Engineering Ltd., of 270 Neville Road, 
London, E.7. The Tastotherm, measure- 
ment by contact for temperatures up to 
400°C. (752 °F.) is for medical research, 
clinical laboratory and industrial uses, 
and the Tastotherm Infra, measurement 
by radiation for temperatures up to 
3,000 °C. (5,432°F.) is for heavy industry, 
nuclear research and production pro- 
cesses. 

New Springham Catalogues.—Latest 
publications issued by G. Springham 
and Co., Ltd., of Harlow New Town, 
Essex, are: 1. New catalogue detailing 
wider range of items, including auto- 
matic burettes, adaptors, Dean & Stark 
receivers, nitrometers, stopcock rails, 
etc. all fitted with interchangeable keys. 
2. An addendum to the first catalogue 


detailing PTFE keys, fully interchange- 
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able, with the above items. These keys 
are self-lubricating and chemically inert 
to almost all chemicals, solvents, etc. 
3. Pamphlet detailing new and improved 
pattern of greaseless stopcock—essential 
where elimination of greases is required 
under conditions of high vacuum and 
wide temperature range. 


Chemicals.—The new 
edition of the B.D.H. Laboratory 
Chemicals catalogue, published by 
B.D.H. Laboratory Chemicals Division, 
Poole, Dorset, includes many substances 
of biochemical interest that have not 
appeared before. In all, it lists between 
6,000 and 7,000 products and section 3 
of the catalogue, formerly limited to 
amino acids, now also contains reference 
lists of other biochemical materials 
grouped for convenience in their 
various classes of carbohydrates, lipids, 
proteins, sterols, etc. 


British Chemicals.—Laporte Indus- 
tries Ltd. of 14 Hanover Square, 
London, W.1. have produced a mag- 
nificent full colour book—The Raw 
Materials of Progress’\—in which is 
illustrated the story of the group's 
activities, its history and development. 


Laboratory PTFE Ware.—A new 
range of polytetrafluoroethylene beakers 
with a much lower pricing is being 
marketed by Jencons (Scientific) Ltd., of 
Mark Road, Hemel Hempstead, Herts. 
These are described in a new leaflet 
issued by the company which also 
contains details of PTFE tubing and rod 
which can now be bought in small 
supplies by laboratories. The company 
will be pleased to supply copies of these 
leaflets which give interesting technical 
data as well as prices. 


Laboratory 
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NUCLEAR 
fock INSTRUMENTATION pat OH 


ELECTRONIC 


LABORATORY 
fock CONDUCTIVITY BRIDGE 
LE RE, 


This mains-operated instrument has a bridge 
frequency of 1500 c/s, and covers the very wide range 
of 0.05 to 1 = 106 micro mhos in seven ranges. 


A portable fully-transistorized 
bridge is also available. It 
covers the range of 0.5 to 
1 106 micro mhos in six 
ranges. 


A. M. LOCK & CO. LTD. 
79 UNION) STREET, 


OLDHAM, LANCASHIRE 
Tel.: MAIN 6744 





Wild-Barfield muffles 
for a better job 
These small self-contained vertical | ae 


crucible muffles are ideally suited 

for many purposes in the average 

laboratory or research department 

Chamber size and maximum temp- ; 

erature alone dictating the limits walter 
of their usefulness. Standard models 

have an operating temperature of 

1050 C (1922 F), and are complete 

with energy regulator type hand 

temperature controller and pilot 


lights. 


(Ki) for all heat treatment purposes 


WHEL 


WILD-BARFIEL 


ELECFURN WORKS TERS! LV 


D ELECTRIC FURNACES 


VATFORD BY-PASS, WATFORI s 
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GREEN'S’/PURE 
FILTER \(PAPERS 


are 
Competitive in Price and made 
to published standards. 
Ask for free descriptive book 
18 G.60 which gives you the 


specifications. 





J. BARCHAM GREEN LTD. 
MAIDSTONE - ENGLAND 





J. PRESTON LTD 


Laboratory Furnishers for 
over 100 years 


WEST STREET 
SHEFFIELD 
Telephones: 20101 & 20102 
Telegrams: Scientific, Phone, Sheffield 


OUR MODERN SHOWROOMS IN WEST STREET 

















ALWAYS 
50 EDWARDS VACUUM 
PUMPS 


IN STOCK 
NO WAITING 


‘SPEEDIVAC’ 


SPECIALITY SERVICE 


WHY WAIT - PLEASE WRITE OR PHONE US NOW 


A. D. WOOD 


4-5 SKINNER ST., LONDON, E.C.1 
TERMINUS: 5804, 0359, 0350 


*Regd. trade mark used by courtesy of Edwards High Vacuum Ltd 











introducing 


a ‘ q 
ep 
REGISTERED TRADE MARK 


Graduated Laboratory Glassware 


“JAYTEC” volumetric glassware is speci- 
ally designed for the commercial/technical 
user requiring fast dispensing accurate 
instruments for quick use. 

A sample box of “JAYTEC” graduated glassware 
comprising one each of 100m! cylinder, 50m flask, 1 ml 
measuring pipette, 10m] measuring pipette and a 10m] 
bulb pipette can be obtained from your usual labora- 
tory supplier for only 16s. 9d. complete as a special 
trial offer. 

Please write to us if any difficulty is experienced in 
obtaining supplies, and your requirements will be 
given immediate attention. 


A full descriptive Price List leaflet can be had on request from 
the sole manufacturers: 


F. R. JONES LIMITED of 
24 GASKIN STREET, LONDON, N.1 
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Astell 
low temperature 
incubator 


For many purposes incubation at temperatures below 
ambient is essential. Undesirable temperature variation 
within the incubator itself is entirely avoided by the 
Astell system of fan-induced air circulation. Automatic 
and accurate control of incubation at any temperature 
in the range 5-40 C is now possible with the Astell low 
temperature incubators. These are standard domestic 
refrigerators fitted with auxiliary heater, circulation fan 
and a sensitive indicating thermostat 





a 
172 BROWNHILL ROAD CATFORD * LONDON SE6° HITher Green 4814 4 Astell] 


ABORATORY SERVICE & 





STUDENT 


MICROSCOPE 


MODEL SA , Clip retention of eyepiece 


Adjustable safety stop : full specimen protection 


Fine adjustment position indicator 


PROTECTIVE 
FEATURES 
AT a Knurled rim obviating objective handling 
NO EXTRA ae 

arge flush stage 
cosT 


Calibrated fine adjustment, with safety stops 


Steel limb 


Flanged, non-flexing stage bracket 


Demonstrations 
gladly arranged 


Choice of condenser fitting 


Catalogue Rack and pinion focusing substage, with stops 


free on request 
Stable, protective foot, drilled for lamp fitting 


JAMES SWIFT & SON LTD. = 113-1154 CAMBERWELL ROAD, LONDON, S.E.5. RODney 5441 
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JENA GLASSWARE 


THE FINEST LABORATORY GLASSWARE 
AT AN ECONOMICAL PRICE 


ANDERMAN & Co. LTD 


Battlebridge House, 87-95 Tooley Street 
London, S.E.1 Telephone HOP 0035 








EST. 7ECOn 1888 
f 


Specially designed thermometers for all 
Laboratory purposes. 

Made in accordance with 1.P., B.S.1., 
S.T.P.T.C. & A.S.T.M. specifications. 
Short range, short stem, Calori- 
meter and Secondary Reference A 


Standard thermometers. 
f? Precision Hydrometers 


PL. Certified if A 
’ fo ‘ for Density, Specific 


Gravity and all Arbitrary 


P 4 scales. 


# Glass sheathed Insulated thermo- 
meters for Chemical purposes. 


> 
sf 
“~~ 


required. 


Mercury in Steel, Vapour Pressure and 
Bimetallic thermometers. 


G. H. ZEAL wo. 


LOMBARD RD., MORDEN RD., LONDON, S.W.19 


Phone: Liberty 2283/4/5/6. Grams: Zealdom, Souphone, London 





MICROSCOPE 


Designed 
for the 


discriminating 


Pubn. No. 251 


R. & J. BECK LTD-69/71 MORTIMER ST. 


LONDON W.1 
Pre-eminent for more than a century 




















FOUNDED 





CRISTALITE 
B.S. 748 HAEMACYTOMETER 


The only metallized haemacytometer 

made to British Standard 748—the 

most rigid standard in the world. 
Details on request. 





HAWKSLEY & SONS LIMITED 
17 NEW CAVENDISH ST. LONDON WI 


WELBECK 8557 
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laboratory ball mills 


EXELO 

REVOLUTIONARY 
Dm FREE-PISTON 
am BURETTE 


b 


bDurette Nas 
elaelerelaha baie) se ¢ 
ess precision 


and speed 














fo} el -1a- hele] am 
work in the 
iF lelela-heela’ 
readings 
ro} Man] oom ce 


daleler-y- tare! 


free floating 





Dy 


Pist 


Many types available for rolling porcelain or 


metal containers from 5-galion to 1-pint nom- 


inal capacities 
The mill illustrated is an extremely useful 
unit for any laboratory dealing with many jobs 
at the same time on one or more materials of 
varying-quantry or time of processing. Arranged 
with three pairs of rubber bonded rolls in three 
tiers each driven by a separate motor allowing al! 
three or one or two to be operated. Each tier takes 
either two 1-gallon or three 4-gallon or four 2-pint or 
five 1-pint pots. Combinations of these sizes can be 


operated simultaneously 


PASCALL 


Write or telephone Crawley 25166 for List BM2508 


THE PASCALL ENGINEERING CO LTD 
GATWICK ROAD - CRAWLEY - SUSSEX 
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previous difficulties 
iscuS and reading 
coloured solutions. The 
EXELO free-piston * 
burette is fitted with 

the EXELOthree way 

Tah <-deeuar- tare t-1-1e) i 
stopcockor 
conventional 








Designed by 
1.C. P. SMITH, 
B.Sc., FRAC. & F.S.G.T 


three way 
stop- 
cock. 


Obtainable from your Laboratory 
or write for details to :- 











W. G. FLAIG & SONS LTD 


Exelo Works, Margate Road, Broadstairs, Kent. 
Telephone: Thanet 61365-6 
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NOL: 


Br MuicROSCopP 


M3508S4 


= Canoe 
(Cooke Troughton é Simms 








* 
Polythene 


3% AUTOMATIC SYPHONS 
We BEAKERS & BOTTLES 


¥& SHEETING 
TUBE AND ROD 


P.V.C. LABORATORY 
TUBING ETC 


¥ PIPETTE CYLINDERS 
AND WASHERS 


%e TRAYS 
¥& SINK UNITS 


¥ MEASURING 
CYLINDERS 


BORO?’ LABORATORIES & APPLIANCE CO., LTD. 
1 Station Building, Catford, London §.E.1 Phone HIT 2901 


INSTRUMENT 


GEARS 


PRECISION MACHINE CUT 


SPENCER 


COMPONENTS 
5 HIGH STREET, 
KINGS HEATH, 
BIRMINGHAM . 14 


Telephone: 
HiIGhbury 
3155 














MICHROME STAINS 


& Reagents for Microscopy, Histochemistry, etc 


Adenosin. Carminic Acid. Cytase. Fettrot. Giemsa. Janus green. 
Lacmoid. Leishman. Pyronin. Thionin. Lipase. Mannitol. 
Ribonuclease. Toluidine blue. TPN. Urease. etc. 


TRIFALGIC ACID, for cytology etc. (ref. Irish J. Med. Science, 


April 1960, pages 182-6) 
62 page Catalogue available on request. 
New books by Edward Gurr 
ENCYCLOPAEDIA OF MICROSCOPIC STAINS 
500 pages Royal 8vo., price 95/- 


Methods of Analytical Histology and Histochemistry’ 334 pages 
Roy. 8vo., price 70/- 


EDWARD GURR LTD., 


42, Upper Richmond Road West, London, S.W.14 











LABORATORY PRACTICE 


The FIRST Journal 
in the field of 
AUTOMATION 


Automation is inevitable and its applications have 
already spread through many industries. The 
latest information on new machines, instruments, 
components and accessories is vital to our 
industrial future. AUTOMATION and AUTO- 
MATIC EQUIPMENT NEWS contains author- 
itative articles and all news relating to the 
technical, political, economic and social aspects 
of automation and is published monthly. 


Annual Subscription £2.2.0 
e 


Send your order to 


UNITED TRADE PRESS LTD. 
9 Gough Square, Fleet Street, London, E.C.4 
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The Laboratory Suppliers 
SOLMEDIA LTD. 


Est. 1910 


Bacteriological Media. Ch Is. Stains. Indi Dyes. 
Standard and Reagent Solutions 
Sets of Permitted and Non-Permitted Dyes for Foodstuffs 





EMIL—EXELO—PYREX—MONAX—DAVISIL—QUICKFIT 
& QUARTZ 


Brushes. Wire Baskets. Specimen Jars. Analytical Weights, 
Stainless Steel Staining Rac Racks a Speciality 


SOLMEDIA LTD. 
35 Orford Road, Walthamstow, London, E.17 


Telephone: COPpermill 2485 





Pat. applied for 


“ 


‘E.R.L.” RUBBER HOLDERS 
for Test Tubes, Ampoules, Botties, etc. 
Made in 7 sizes in black synthetic or in softer red organic rubber 


ESCO (RUBBER) LTD. 


Manufacturers of Rubber, Silicone Rubber and Plastic Preducts 
34-36 Somerford Grove, London, N.16. 


supplied on 
request. 




















LARGER PREMISES HAVE MEANT COMPREHENSIVE STOCKS OF 
PYREX, EMIL, Q & Q, CHANCE COVERSLIPS & R. W. PORCELAIN. 


DAILY DELIVERIES — ROAD TRANSPORT 


C. E. PAYNE & SONS LTD. 


131 Clapham High Street, London, S.W.4 
MACAULAY 7107/8 


‘The Technician who knows takes ““PAYNES” to buy economically 
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CLASSIFIED 


ADVERTISEMENTS 


All advertisements must be PREPAID. Situations Wanted, 4d. per word. Minimum 6s. All other 
advertisements, 6d. per word minimum of 10s. Semi-display advertisements 4s. per line, minimum £2. 
Display advertisements at tariff rates. Box Numbers count as four words. Replies forwarded 1s. extra. 
Replies to Box Numbers must be addressed to Laboratory Practice, 9 Gough Square, Fleet Street, 


London, E.C.4. 


The Proprietors reserve to themselves the right to refuse to insert an advertisement if they think 
proper to do so. All possible care is taken to ensure accuracy in setting up the advertisements, but 


should an error be made the Proprietors will not hold th 


OFFICIAL APPOINTMENTS 


ABORATORY TECHNICIAN 
required by East African Trypano- 
somiasis Research Organization, East 
Africa High Commission for service in 
Uganda for one tour 36 months in first 
instance either (a) on probation for 
pensionable establishment or (6) on 
contract with gratuity at rate 134° of 
total salary drawn. Salary (including 
Inducement Pay) according to experi- 
ence in scale £813 rising to £1,566 a year. 
Outfit Allowance £30. Free passages. 
Liberal leave on full salary. Candidates 
should have H.N.C. (Chemistry) or 
G.C.E. (A) including Chemistry or B.Sc. 
including Chemistry at final level or 
A.R.LC. or equivalent. Women candi- 
dates must be single. Write to the Crown 
Agents, 4 Millbank, London, S.W.1. 
State age, name in block letters, 


qualifications and experience and quote 
M3B/53045/LAQ. 


SITUATIONS VACANT 


NGINEER WITH LANGUAGES. 

Precision Mechanical Engineer re- 
quired by famous American instrument 
firm for supervising and co-ordinating 
production programme in Europe. Must 
reside on Continent, be willing to travel, 
with fluency in German and French or 
Italian. The post is an interesting and 
unusual one calling for initiative and 
ability to work energetically without 
supervision. Good salary and travelling 
expenses. Send details in first instance 
to Box 131 


ECHNICIAN (MALE) aged 16-19, 

required by new Biochemical Re- 
search Institute. G.C.E. ‘O’ level, or 
equivalent, in two science subjects 
Training given in general laboratory and 
workshop practice leading to assisting 
in research projects. Salary according to 
age. Pension scheme at 21. Apply to The 
Director, Twyford Laboratories Ltd., 
Twyford Abbey Road, London, N.W.10. 


ABORATORY STEWARD or Chief 
Technician. Applications are invited 
for this position in the Biochemistry 
Section of a newly-established research 
institute. Excellent conditions, oppor- 
tunity for collaboration in original 
research, contributory pension scheme. 
Salary commensurate with qualifications 
and experience. Apply to The Director, 
Twyford Laboratories Ltd., Twyford 
Abbey Road, London, N.W.10. 


ibel, 


in any way for same. 





‘es resp 


TECHNICAL ASSISTANT 


Hilger & Watts Ltd., makers of scientific 
instruments, require the services of a 
young man to assist in the development 
of analytical instruments used in industry 
and for research. 
Knowledge of Physics or Chemistry to 
at least G.C.E. ‘A’ level is desirable but 
not essential. 
Training would be given and opportun- 
ities for further education exist. 
Write in full detail to: 


The Chief Personnel Manager, 
98 St. Pancras Way, N.W.1. 


RITISH BELTING & ASBESTOS 

Ltd., require a Medical Technician 
(man or woman) to assist in lung 
capacity testing, etc. Training will be 
given. Desirable qualifications would be 
A.M.I1.L.T. but previous experience and 
less qualification would be considered 
Applications to Personnel Department, 
Scandinavia Mills, Cleckheaton, Yorks. 


ABORATORY TECHNICIAN 
wanted for well equipped organic 
research laboratories near Staines, age 
20-25, preferably with L.S.T. Certificate, 
or C. & G. Inter Certificate. To be 
responsible for care and issue of glass- 
ware and chemicals. Opportunity for 
organic preparative work. Glassblowing 
useful. Salary, depending on qualifica- 
tions, around £600. Box 132 


University of Southampton 
Chemistry Department. 
Applications are invited for the newly 
established post of Experimental Officer 
Salary on Scale of £1,050 x £50 to 
£1,250 p.a. F.S.S.U. and Family Allow- 
ances. Placing on scale according to 
qualifications and experience. The per- 
son appointed should have a qualifica- 
tion in Electronics, Electrical Engineer- 
ing or a relevant branch of Physics or 
Chemistry, and will be responsible for 
the supervision and maintenance of 
electronic instruments in the Depart- 
ment, especially infra-red and ultra- 
violet spectrometers and (when the new 
building extension is completed in 1962) 
nuclear magnetic and paramagnetic 
resonance spectrometers. If interested he 
will be encouraged to become proficient 
in the interpretation of spectra. 
Applications (three copies) stating 
date of birth, the names of two referees, 
together with full details of experience 


and qualifications should be sent to the 
Secretary and Registrar, The University, 
Southampton, before 31st August. 
SERVICES AVAILABLE 
| Sh w wire FURNACES—For all 
laboratory and production purposes. 
500°C. to 1750°C. Standard sizes. Also 
specialists in meeting individual require- 
ments. Leading makers for over 30 
years. Catterson-Smith Ltd., Exhibition 
Grounds, Wembley, Middlesex. 


ILICA CONES AND SOCKETS, 
Silica tubing, polished Silica discs and 
glazed sheet, ex stock from the General 
Silica Workers, Jencons (Scientific) Ltd., 
Mark Road, Hemel Hempstead, Herts. 
Telephone: Boxmoor 4641. 
WANTED 
PPARATUS REQUIRED. UV- 
visible spectrophotometer, aperiodic 
balance, semi-micro Kjeldahl apparatus, 
flame photometer, muffle furnace, incu- 
bator. Offers to Dr. J. C. Davis, 9 
Gerrard Street, London, W.1. 
NOTICES 
RE You Interested In Animals 
. Without being A Fanatic? Then 
write for free, illustrated prospectus to 
UFAW (The Universities Federation for 
Animal Welfare), 7A Lamb's Conduit 
Passage, London, W.C.1. 





The only complete 
WAREHOUSING, PACKING 
AND 
DESPATCHING SERVICE 
in the 
CENTRAL LONDON AREA 
is now able to undertake additional 
contracts Owing to recent extensions to 
premises 
Our Service covers every detail—-Ware- 
housing, Packing, Despatching, Stock- 
taking, Shipping, Documentation and 
Invoicing. It is already employed with 
advantage by both large and small 
organizations, either permanently, or for 
periodic or special occasions 
We guarantee any Warehousing, Collect- 
ing, Packing and Despatching operation 
in any field of Industry, handled 
promptly, efficiently and 
ECONOMICALLY 
Let our Representative call and discuss 
any problems. An estimate costs you 
nothing, and probably can provide very 
substantial savings on your present costs 
It is doing this for other Firms; it can 
do the same for you 


Contact us today 
PAGES LTD. 
29-31 BRAMLEY ROAD, 
Lonpon, W.10 
Telephone: Park 2378-9 








Sole Manufacturers of 

GURR’S 

(Regd. Trade Mark) 
MICROSCOPICAL STAINS 

& REAGENTS 


GEORGE T. GURR, LTD. 
136-138 New Kings Road, LONDON, S.W.6 
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Grinding - Screening - Separating - Filtering 


Laborato 


RO-TAP SIEVE SHAKER 


for accurate and consistent 
sieve testing 
@ Uniform mechanical action 
@ Time switch control 
®@ Accommodates up 
to thirteen & dia 


ve 


RAPID LABORATORY 
ELUTRIATOR 


for dividing any sample of fine 

powder into three grades 

@ Considerably quicker than older 
methods 

@ Used for testing insoluble materials 
such as mineral ores, ceramic 
materials, chemicals, ochres and 
oxides 

© Special tvpe available for treating 
materials soluble in water, such as 
cement or plaster 


ROVAC LABORATORY FILTER 
A working reproduction of the 

larger ROVAC machines 

@ /deal for laborator\ 

or pilot plant 

@ Occupies bench or 

floor space of onl) 

lft. Bins.» 1ft. 8in 

@ Hasal2ins.dia.drum 


RAYMOND LABORATORY MILL 


grinding non-abrasive materials 
®@ Rotor! 
hammers 
© Supplie 


forated 


RAYMOND LABORATORY 
SEPARATOR 
self-contained air unit for dry 
particle size classification 


® Separating chamber er 


SAMPLE SPLITTER 


to reduce a large sample 
lor Making Sieve tests 
@ Made int» 


eavi 


a 


INTERNATIONAL COMBUSTION PRODUCTS LIMITED 


LONDON OFFICE NINETEEN WOBURN PLACE We ORKS: DERBY 


Member of Atomic Power Constructions Ltd 


_ one of the British Nuclear Energy Groups 
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microbiological reagents and media 


for 
TISSUE CULTURE 


and 


VIRUS PROPAGATION 


These reagents are prepared and standardized to 
preserve unaltered the properties of the original 
material and include those commonly employed for 
the slide, roller tube and flask culture techniques 
for propagation and study of tissue cells and 
viruses im vitro. 


REAGENTS OF ANIMAL ORIGIN —- Desiccated and Liquid 
Plasma, Sera and Serous Fluids 
Embryos and Embryo Extracts 
Ultrafiltrates 
REAGENTS, CHEMICALLY DEFINED Dilute and Concentrate 
Synthetic Media — Eagle-HeLa, Eagle L, Scherer, 
199, 703 and all formulas 


Balanced Salt Solutions — Earle, Gey, Hanks, Osgood, 
Simms, Tyrode and all formulas 


ENZYMES @ INDICATORS @ AMINO ACIDS sdf 
C75 AS 
f 


HYDROLYSATES @ MEDIA ENRICHMENTS ®2=77 Hf iy 
BIOCHEMICALS @ CARBOHYDRATES / 


Over 60 years’ experience assures 


UNIFORMITY - STABILITY - ECONOMY 


Difco Laboratories 


Prompt delivery from U.K stock. Write for Difco Manual and technical 
leaflets to the sole agents: 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 
Branches in London, Manchester and Glasgow Agents throughout U.K. and ail over the world 


complete laboratory service 
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